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PREFACE 


TT  was  long  a  matter  of  furprize  to 
me,  that  a  Work  fo  well  known, 
and  fo  juftly  efteemed,  over  the  whole 
European  Continent,  as  Euler's  Letters 
to  a  German  Princefs,  mould  never  have 
made  it's  way  into  our  Ifland,  in  the 
language  of  the  Country.  While  Pe- 
tersburg, Berlin,  Paris,  nay  the .  capital 
of  every  petty  German  principality,  was 
profiting  by  the  ingenious  labours  of  this 
amiable  man,  and  acute  philofopher,  the 
name  of  Euler  was  a  found  unknown 
to  the  ear  of  youth  in  the  Britiih  me- 
tropolis. I  was  mortified  to  reflect  that 
the  fpecious  and  feductive  produclions 
of  a  RouJJeaUi  and  the  poifonous  effu- 
fions  of  a  Voltaire^  mould  be  in  the 
hands  of  fo  many  young  men,  not  to 

a  fay 


adv  PREFACE. 

fay  young  women,  to  the  perverflon  of 
the  understanding,  and  the  corruption 
of  the  moral  principle,  while  the  iimple 
and  ufeful  inftru&ions  of  the  virtuous 
Euler  were  hardly  mentioned. 

I  frequently  fuggefted  the  idea  of  a 
tranflation  to  more  than  one  literary 
friend,  in  whofe  ability  for  the  tafk  I 
could  place  greater  confidence  than  in 
my  own :  but  not  finding  it  undertaken, 
I  determined,  at  length,  to  attempt  it 
myfelf,  with  the  ability  which  I  had ; 
and,  in  doing  this,  I  confidered  myfelf 
as  rendering  a  meritorious  fervice  to  my 
country. 

As  foon  as  Providence  had  beflowed 
on  me  the  blefling  of  children,  I  felt  it 
to  be  my  duty  to  charge  myfelf  with 
their  inftru&ion.  How  I  have  fucceedr 
ed  it  becomes  not  me  to  fay :  but  every 
day  I  live,  the  importance  of  early  and 

proper 
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proper  culture  is  more  deeply  imprefied 
on  my  mind.  There  feems  to  be  ftill  a 
defideratum  towards  completing  the  plan 
of  an  ufeful  education — fomething  that 
fhall  fuggeft  to  the  opening  mind,  fuit- 
able  fubje&s  of  thought,  and  aflift  it  in 
purfuing  a  fimple  train  of  reflection — 
fomething  that  fhall  convey  knowledge 
in  the  guife  of  amufement ;  that  fhall 
not  be  impofed  as  a  tafk,  but  conferred 
as  a  favour. 

The  fubjects  of  thefe  Letters,  and  the 
Author's  method  of  treating  them,  feem 
to  me  much  adapted  to  this  purpofe. 
With  the  afliftance  of  a  very  moderate 
apparatus,  they  might  conduct  youth  of 
both  fexes,  with  equal  delight  and  emo- 
lument, to  a  very  competent  knowledge 
of  natural  philofophy :  very  little  pre- 
vious elementary  knowledge  is  necef- 
fary  to  a  profitable  perufal  of  them,  and 
that  little  may  be  very  eafily  acquired. 

A  con- 


xvi  PREFACE. 

A  confiderable  part  of  our  common 
fchool  education,  it  is  well  known,  con- 
iifts  of  the  ftudy  of  the  elegant  and 
amufing  poetical  fictions  of  Antiquity, 
Without  meaning  to  decry  this,  may  I 
not  be  permitted  to  hint,  that  it  might 
be  of "  importance  frequently  to  recall 
young  minds  from  an  ideal  world,  and 
it's  ideal  inhabitants,  to  the  real  world, 
of  which  they  are  a  part,  and  of  which 
it  is  a  fhame  to  be  ignorant.  Let  your 
pupil,  by  -all  means,  read  the  poets ;  let 
him  read  Ovid,  and,  after  he  has  amufed 
himfelf  with  the  golden  ageof  old  Saturn, 
lead  him  out  into  the  open  firmament 
of  heaven,  and  mew  him  the  venerable 
planet  of  that  name,  coeval  with  time, 
yet  fhining  with  unimpaired  luftre,  after 
fo  mariy  revolutions  of  ages.  Having 
adminiftered  the  antidote  that  may  repel 
the  poifon,'  which  a  difplay  of  the  lewd 
intrigues  of  a  fabulous  Jupiter  or  Venus 
naturally  inftill ;  let  him  view,  through 

the 


PftEFACfc  ivil- 

*    ■     * 

the  telefdope,  the  two  beautiful  ftars  fo 
called,  emitting  their  chafte  and  modeft 
light  to  the  unpolluted  eye  of  fober 
reafon.  When  he  has  diverted  himfelf 
with  the  transformation  of  a  lady  into  a 
bear,  and  that  bear  into  a  conftellation, 
point  out  to  him  the  heavenly  northern 
light,  which  never  changes  it's  place, 
and,  with  undeviating  fidelity,  conduces 
the  mariner  through  the  feas  of  d  he- 
mifphere*  Let  him  accompany  Phaeton 
to  the  palace  of  the  fun*  and  fmile  at 
beholding  the  adventurous  boy  mount 
the  flaming  chariot;  and  then  check 
his  mirth  by  pointing  to  the  glorious 
orb  of  day,  travelling  in  the  greatnefs 
of  his  ftrength;  not  dragged  round  the 
earth  by  fiery-footed  fteeds,  but  wheel- 
ing worlds  on  worlds,  each  in  his  feveral 
orbit,  around  him,  with  irrefiftible  force. 

Why  ihould  not  the  boy  be  taught 

the  principle  on  which  his  kite  flies? 
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tivate  a  young  woman's  understanding, 
and  her  perfon  will  become,  even  to  her- 
felf,  only  a  fecondary  concern ;  let  her 
time  be  filled  up  in  the  acquifition  of 
attainable  and  ufeful  knowledge,  and 
then  fhe  will  ceafe  to  be  a  burden  to 
herfelf  and  to  every  body  about  her; 
make  her  acquainted  with  the  world  of 
nature,  and  the  world  of  art  will  delude 
her  no  longer. 

The  time,  I  truft,  is  at  hand,  when 
the  Letters  of  Euler,  or  fome  fuch 
book,  will  be  daily  on  the  breakfafling 
table,  in  the  parlour  of  every  female 
academy  in  the  kingdom ;  and  when  a 
young  woman,  while  learning  the  ufeful 
arts  of  pailry-  and  plain- work,  may  like- 
wife  be.  acquainting  herfelf  with  the 
phafes  of  the  moon,  and  the  flux  and 
reflux  of  the  tides.  And  I  am  perfuaded 
fhe  may  thrum  on  the  guitar,  or  touch 
the  keys  of  the  harpfichord,  much  more 
agreeably  both  to  herfelf  and  others,  by 

ftudying 
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ftudying  a  little  the  theory  of  found.  I 
have  put  the  means  of  this  in  her 
power ;  it  will  be  at  once  her  fault  and 
her  folly  if  ihe  neglect  it. 

In  translating  the  Work,  I  have  fol- 
lowed the  laft  Paris  Edition,  given  by 
Meflra.  de  Condorcet  &  de  la  Croix,  in 
1 787,  for  the  purpofe  of  introducing  the 
ufeful  notes  of  thefe  gentlemen ;  but  I 
have  taken  the  liberty  to  reftore,  from 
the  original  edition,  that  of  Mietau  and 
Leipfic,  in  1770,  feveral  pafiages  which 
the  French  Editor  had  thought  proper 
to  fupprefs.  To  fome  notes  of  my  own 
I  have  added  feveral  others,  furnimed  by 
two  ingenious  friends,  whofe  names  I 
am  not  at  liberty  to  publifh.  The  courfe 
of  thirty-four  years  of  a  fcientific  age, 
muft  have  fupplied  abundance  of  new 
facts  and  experiments,  by  which  the 
philofophy  of  even  a  Euler  may  be  cor- 
rected and  improved.     The  tranflatdd 
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notes  of  the  Paris  Edition,  I  have,  for 
the  fake  of  diftinc"tion,  marked  with  the 
characters  F.  JE.  and  the  original  notes 
of  this  Edition,  with  the  initials  E.  -E. 
And  I  think  it  my  duty,  in  this  place, 
to  vindicate  to  our  ingenious  country- 
man, Mr.  Dollond,  the  optician,  the  dis- 
covery of  achromatic  glaffes  for  tele- 
fcopes,  mentioned  in  the  letters  on  di- 
optrics ;  for  that  gentleman  is,  in  truth, 
the  Author  of  this  valuable  improve* 
ment. 

I  have  had  the  illuftrative  plates  en* 
graved  in  a  better  ftyle  and  manner  than 
French  artifts  generally  employ  on  ma- 
thematical figures :  and  to  do  credit  to 
myfelf,  not  to  fay  Euler,  he  appears  in 
his  Englifh  drefs  with  every  advantage 
which  the  ftationer  and  printer  could 
beftow.  At  the  fame  time,  in  order  to 
keep  down  the  price  as  much  as  pof- 
fible,  inftead  of  dividing  the  Work  into 

Three 
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Three  Volumes,  as  in  all  the  foreign 
editions,  I  have  reduced  mine  to  Two ; 
as  the  divifion  is  altogether  indifferent 
to  the  fubjects. 

It  being  generally  acceptable  to  the 
Reader  to  know  fomething  about  the 
man  with  whom  he  is  converting  as  an 
author ;  to  gratify  this  curiofity,  I  have 

0 

likewife  given  a  tranflation  of  the  Elo- 
gium  of  Euler,  read  before  the  Aca- 
demy of  Sciences,  and  prefixed  to  M.  de 
Condor cefs  edition,  becaufe  it  contains 
fome  interefting  traits  of  the  character 
and  events  of  the  life  of  this  diftinguifh- 
cd  perfbnage.  But  what  is  the  life  of 
a  literary  or  fcieiitific  man,  and  where 
are  we  to  find  the  hiftdry  of  it  ?  In  his 
works.  Newton  and  Euler  are  their 
own  beft  biographers ;  and  the  library 
of  every  fcholar  in  Europe  exhibits  a 
never-dying  reprefentation  of  what  they 
were,  and  what  they  atchieved.     We 

b  4  have 
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have  hardly  a  trace  of  Wrerts  perfona) 
and  domeftic  habits;  but  every  ftone 
of  St.  Stephen's  Walbropk,  and  qf  St, 
Paul's,  is  infcribed  with  his  name,  an4 
tranfmits  a  memoir  of  the  Architect. 

The  frequent,  tirefome,  courtly  ad- 
drefs  of  Your  Highness,  except  at  the 
firft  fetting  out,  I  have  entirely  omitted  \ 
out  of  no  difrefpecl:  to  Princes,  but  be* 
caufe  it  feenied  to  me  a  mere  mineceC- 
iary  wafte  of  words,  which  only  encum- 
ber and  disfigure  a  work  of  fcience.  The 
Princefs  and  her  inftru&or  are  both  gone 
to  that  awful  world,  in  which  the  diftihc-* 
tions  of  the  prefent,  thofe  of  virtue  cH- 
ceptte^,  are  for  ever  obliterated. 

As  every  book  fhould  be  as  complete 
in  itfelf  as  poffible,  and  this  being  def- 
lined  to  the  ufe  of  the  unlearned,  I  have 
Subjoined  a  gloflary  of  the  foreign  and 
fcientiiic  words  which  pccuf  in  the  cpur& 
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of  thefe  Letters.  Some  will,  perhaps, 
think  I  may  have  fwelled  this  beyond 
the  necefiary  fize,  and  given  an  expla- 
nation of  many  terms  already  fufficient- 
ly  underftood.  If  this  be  an  error,  it  is 
on  the  fafe  fide.  I  would  rather  infert 
twenty  words  of  this  defcription,  than 
omit  one  with  which  an  ordinary  reader 
might  be  unacquainted,  and  his  progrefs 
thereby  retarded.  And  I  well  know, 
that  there  is  often  a  vague  and  obfcure 
idea  of  words  floating  in  the  brain, 
which  a  ftiort  defcription  or  an  example 
would  inftantly  render  precife  and  dif- 
tinct :  and  many  young  perfons  would, 
without  hefitation,  confult  a  gloflary, 
who  might  be  afraid,  or  afhamed,  or, 
perhaps,  too  proud,  to  ask  a  queftion. 


H.H, 


Boston.  1802. 
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BY  THE  FRENCH  EDITOR. 


THE  Letters  of  Euler  to  a  German  Princefi 
have  acquired,  over  all  Europe,  a  celebrity, 
to  which  the  reputation  of  the  Author,  the  choice 
and  importance  of  the  Several  fubje&s,  and  the 
clearneSs  of  elucidation,  juSliy  entitle  them.  They 
have  deservedly  been  considered  as  a  treafury  of 
fcience,  adapted  to  the  purpofes  of  every  com- 
mon Seminary  of  learning.  They  may  be  ftudied 
to  advantage  without  much  previous  elementary 
knowledge ;  they  convey  accurate  ideas  reSpeft- 
ing  a  variety  of  obje&s,  highly  intereSling  in 
themfelves, .  or  calculated  to  excite  a  laudable 
curioSity ;  they  infpire  a  proper  tafte  for  the 
fciences,  and  for  that  found  philofophy  which, 
Supported  by  fcience,  and  never  loling  fight  of 
her  cautious,  Steady,  methodical  advances,  runs 
,  no  riSk  of  perplexing,  or  misleading  the  attentive 
flu  dent. 

The  only  cenfure  that  can  be  paSTed  on  thefc 
letters  is>   now  and  then,  a  digreffive  detail, 

fomewhat 
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fbmewhat  too  tedious,  on  queftions  rather  foreign 
to  the  fciences,  and  confiderable  inaccuracy  in 
point  of  ftyle.  Without  failing  in  the  refpeft 
.due  to  Euler,  I  thought  myfelf  at  liberty  to 
omit  fome  paffagcs  altogether,  and  to  correal  the 
ftyle  of  others.  Few  Readers,  furely,  will  be  fo 
faftidious  as  to  refufe  the  admiration  attached  to 
.  the  name  of  this  illuftrious  man,  for  the  fake  of 
Ibme  flight  blemifhes,  in  a  work  of  fuch  con- 
siderable length,  A  genius,  like  his,  which  has 
Signalized  itfelf  by  fo  many  important  difcoveries, 
can  fuffer  no  diminution  of  greatnefs,  from  his 
not  having  written  a  foreign  language  with  claf- 
fical  purity.  A  man  w  hofe  tranfeendant  powers 
have  aftoniftied  and  confounded  even  thofe  whom 
habits  of  profound  refleftion  muft  have  rendered 
hard  to  pleafe,  refpefting  prodigies  of  this  fort, 
is  not  lefs  worthy  of  veneration,  that  he  did  not 
apply  the  whole  force  of  his  mind  to  every  obje# 
which  prefented  itfelf.  It  is  of  the  laft  indif- 
ference to  his  glory,  whether  thefe  fmall  fpecks 
are  effaced,  or  fuffered  to  remain* 

But  the  cafe  is  widely  different  as  to  the  per- 
fons  for  whofe  uie  the  perufal  of  this  work  is 
particularly  defigned.  It  is  of  importance  for 
young  people,  whether  of  France,  or  of  any  other 
country,  to  defer  reading  till  they  thoroughly 
underftand  the  language  of  books,  in  which  the 

rules 
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rules  of  that  language  may  be  frequently  vio- 
lated. And  the  youth  of  the  French  nation 
muft  be  cautioned  againft  turning  into  ridicule 
a  ftw  uncouth  expreffibns  which,  in  the  hurry 
of  compoiition,  may  have  dropped  from  the  pen 
of  a  man  of  genius.  Refpeft  for  every  thing 
which  merits  this  appellation  is  one  of  the  ienti- 
<  ments  which  education  ought  moft  powerfully 
to  inculcate,  as  it  is  one  of  the  moft  infallible 
prefervatives  againft  prejudice  of  every  kind, 
againft  the  illufions  of  vanity  and  felf-love,  n$y, 
againft  the  paffions  which  deprive  us  of  the  force 
neceffary  to  our  approximation  toward  thefe  ob- 
jects of  univerial  admiration. 

As  to  other  retrenchments,  they  affed,  almoft 
all  of  them,  reflcdions  which  relate  lefs  to  the 
fciences  and  philofophy,  than  to  theology,  and 
frequently  even  to  the  peculiar  do&rines  of  that 
ecclefiaftical  communion  in  which  Eulek  lived* 
It  is  unneceflary  to  affign  a  rcaibn  for  omifiions 
of  this  defcription.      . 

1  have  prefixed  to  this  edition  the  Elogium  of 
Euler,  read  before  the  Academy  of  Sciences, 
omitting  only  fome  fcientific  details,  which  might 
have  appeared  tedious  to  certain  Readers. 

As  the  Letters  of  Euxer  contain  nothing,  on 
feveral  queftions,  capable  of  interefting  the  ge- 
nerality of  mankind,  I  have  made  fome  additions, 

but 
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but  without*  throwing  them  into  the  form  of 
letters.  Thofe  publiflied  at  the  fame  time  tvith 
this  edition,  have  for  their  only  object  the  calcu- 
lation of  probabilities.  I  took  for  granted  that 
perfons  difpofed  to  give  them  a  peruftl,  muft 
fcave  already  made  a  confiderable  progrefs  in  ma- 
thematical knowledge.  This  branch  of  know- 
ledge occupies  at  preTent,  and  ever  muft,  a  difc 
tinguifhed  place  in  a  courfe  of  liberal  education. 
If  it  is  not  abfolutely  impoflible  to  do  without 
it,  in  order  to  the  attainment  of  accurate  ideas 
in  phyiics,  and  refpe&ing  the  laws  of  the  uni- 
verfe,  and  the  calculations  of  probability,  we 
lhall,  at  leaft#  by  the  ftudy  of  mathematics,  fave 
much  time  and  trouble,  and  acquire  a  habit  of 
thinking  and  reafbning  on  other  fubje&s  with 
greater  exa&nefs. 

The  idea  which  ibme  have  formed  of  the  dif- 
ficulty of  this  fcience,  obftruAs  the  progrefs  of 
knowledge,  and  is  not  founded  in  truth.  There 
are  few  minds,  unlefs  a  previous  education  has 
already  imprefled  falfe  ideas,  and  a  factitious  de- 
licacy, but  what  are  capable  of  receiving  the 
ideas  neceflary  to  mathematical  combination,  of 
acquiring  the  habit  of  purfuing  them,  and  a 
relifh  for  the  fimple  truths  which  they  prefent. 
As  to  the  extraordinary  powers  which  are  deemed 
requifite,  I  venture  to  affirm,  that,  there  are  few 
■  ■  i  •  perfons, 
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perfbns,  even  of  moderate  capacity,  who  may 
not,  by  employing  a  little  more  time,  and  pur* 
fuing  a  courfe  fomewhat  more  deliberate,  by  en- 
tering more  attentively  into  detail,  and  from  fre- 
quently repeated  applications,  attain  a  degree  of 
mathematical  knowledge,  far  beyond  what  is 
really  ufeful,  nay,  I  add,  neceflary,  to  all  men  of 
liberal  education. 
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Y  EONARD  EULER,  Prefident  of  the  Matheiiiai. 
-*— 4  tical  School,  in  the  Academy  of  Peterfburg,  and 
previoufly  in  that  of  Berlin;  Fellow  of  the  Royal 
Society  in  London ;  and  of  the  Academies  of  Turin, 
Lifbon  and  Bale ;  Foreign  Affociate  of  that  of  the 
Sciences,  was  born  at  Bale,  April  the  15th,  1707, 
being  the  fon  of  Paul  Euler  and  Margaret  Brucker. 

His  father  who,  in  1708,  undertook  the  paftoral 
charge  of  the  village  of  Riechen,  in  the  vicinity  of 
Bale,  was  his  firft  inftructor ;  and  he  enjoyed  be- 
times the  pleafure  of  contemplating  the  progrefs  of 
his  fon's  expanding  faculties,  and  dawning  glory,  a 
cordial  fo  reviving  to  the  heart  of  a  parent,  advance 
under  hfs  own  eye,  and  gather  ftrength  from  his  own 
affiduities. 

He  had  ftudied  mathematics  under  yames  Ber- 
:nouitlu  It  is  well  known,  that  this  celebrated  fcholar 
united  to  a  great  genius  for  the  fciences,  a  profound 
philbfophy,  which  is  not  always  the  companion  of 
this  genius,  but  which  ferveS  to  give  it  a  wider  range, 
and  to  render  it's  exertions  more  ufeful.  In  teach- 
ing, he  endeavoured  to  imprefs  om  his  pupils,  that 
geometry  is  not  a  detached  fcience,  but  exhibited  it 
to  them  as,  at  once,  the  bafis  and  the  key-flone  of 

Vol.  I.  c  all 
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all  human  knowledge ;  as  the  fcience  in  which  the 
progrefs  of  the  mind  may  be  the  moft  diftin&ly  ob- 
ferved ;  the  fcience,  the  cultivation  of  which  exer- 
cifes  our  faculties  to  the  greateft  advantage,  as  giving 
to  the  underftanding,  at  one  and  the  fame  time, 
ftrength  and  accuracy ;  finally,  as  a  ftudy  equally  va- 
luable, from  the  number  and  the  variety  of  it's  ap- 
plications, and  from  it's  tendency  to  inure  the  ftu- 
dent  to  a  method  of  reafoning,  which  may,  after- 
wards, be  fuccefsfully  employed,  in  the  inveftigation 
of  every  fpecies  of  truth,  and  as  a  guide  in  the  con- 
du  A  of  life. 

Paul  Eulcr,  who  had  fully  imbibed  the  principles 
of  his  mailer,  inftructed  his  fon  in  the  elements  of 
mathematics,  though  he  had  deftined  him,  ultimately, 
to  the  ftudy  of  theology  ;  and  fuch  was  young  Eu- 
ler's  early  proficiency,  that  on  being  fent  to  the 
univerfity  of  Bale,  he  was  deemed  not  unworthy  of 
the  attention  and  particular  inftruftions  of  John  Ber- 
noulli. Such  was  his  application,  and  fuch  his  happy 
xlifpofitions,  as  quickly  to  fecure  to  him  the  friend- 
fliip  of  Daniel  and  Nicolas  Bernouilli,  the  pupils,  and, 
by  this  time,  the  rivals  of  their  father.  Nay,  he  had 
the  felicity  of  getting  into  the  good  graces  of  the  fe- 
vere  John  Bcrnouilli  himfelf,  who  carried  his  conde- 
fcenfion  fo  far  as  to  give  him  a  private  leffon,  once 
a  week,  in  the  view  of  removing  any  difficulties  which 
might  pecur  in  the  courfe  of  reading  and  ftudy. 
Euler  employed  the  other  days  of  the  week  in  fuch 
a  manner  as  would  enable  him  to  make  the  moft  of 
this  diftinguiftied  mark  of  favour. 

This 
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This  excellent  method  of  profecuting  his  ftu- 
dies,  prefervdd  opening  genius  from  exhaufting  it's 
ftrength,  in  combating  infuperable  difficulties,  and 
from  wandering  in  unknown  mazes,  which  it  might 
attempt  to  unravel :.  it  direfted  and  feconded  his  own 
iexertions ;  but,  at  the  fame  time,  laid  him  under  the 
heceffitjr  of  calling  forth  all  his  powers,  which,  ac- 
cordingly, received  conftant  increafe  from  an  eier- 
cife  proportioned  to  his  age,  ahd  to  the  progrefs  in 
knowledge  which  he  had  already  made. 

But  of  this  Angular  advantage  he  was  foon  de- 
prived ;  for  fcarc^ly  had  he .  attained  the  degree  of 
Matter  of  Arts*  when  his  father,  ^ho  intended  him 
for  his  own  fucceffor,  enjoined  hiiyi  to  exchange  the 
ftudy  of  mathematics  for  that  of  theology.  Happily* 
the  effect  of  this  act  of  authority  was  of  fliort  dura* 
tion.  It  proved,  no  difficult  matter  to  perfuade  the 
father,  that  his  fon  was  deftined  to  fupply,  to  the 
learned  world,  the  place  of  "John  Bernouilli,  and  not 
to  fink  into  the  obfcure  parfon  of  Riechen. 

An  elfay,  compofed  by  Euler  in  his  nineteenth 
year,  on  the  mafting  of  fliips,  a  fubjeft  propofed  by 
the  Academy  of  Sciences,  procured  him,  in  1 727,  an 
addition  to  his  academical  honours,  fo  much  the 
more  refpe&able,  that  the  youthful  native  of  the 
Alps  could  have  derived  no  afiiftanc£  from  pradtical 
knowledge,  and  that  he  yielded  the  palm  to  Mr.  Bon* 
guer  alone,  an  able  geometrician,  then  at  the  zenith  of 
his  reputation,  and,  for  ten  years  before,  profeflbr  of 
hydrography  in  a  maritime  city. 

About  the  fame  period,  Evler  flood  candidate 
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for  a  vacant  chair  in  the  univerfity  of  Bale :  but  it 
is  fate,  or  chance,  that  fettles  the  difpute  between 
competitors  for  offices  of  this  fort,  and,  on  this  oc- 
cafion,  it  was  unfavourable,  I  do  not  fay  to  Euler, 
but  to  his  country,  which,  a  few  days  afterward, 
loft  him  for  ever. 

Two  years  before  this,  Daniel  and  Nicolas  Bernniillt 
had  been  invited  to  Ruffia.  Euler  felt  the  fincereft 
regret  at  parting  with  the  friends  of  his  youth,  and 
engaged  them  to  promife  their  utmoft  exertions  to 
procure  him  a  fimilar  invitation,  which  he  was  eager 
to  participate.  This  needs  to  excite  no  furprize. 
The  fplendor  of  the  capital  of  a  vaft  empire,  the  glare 
difiufing  itfelf  over  the  purfuits  of  which  it  is  the 
theatre,  and  over  the  very  perfons  of  it's  inhabitants, 
feems  to  confer  a  glory  on  them,  capable  of  eafily  fe- 
ducing  a  youthful  imagination,  and  of  dazzling  the 
free,  but  poor  and  obfeure,  citizen  of  a  petty  re- 
public. 

The  brothers,  Bernouilli^  were  confeientioufly  faith- 
ful to  their  promife,  and  exerted  themfelves  as  ftre- 
nuoufly,  to  bring  forward  a  competitor  fo  formi- 
dable, as  ordinary  men  would  have  done  to  keep  -a 
rival  out  of  fight. 

Euler's  journey  to  Ruffia  commenced  under 
aufpices  the  moft  melancholy  and  difcouraging.  It 
was  not  long  before  he  received  intelligence,  that 
Nicolas  Bernouilli  had  fallen  a  viftim  to  the  feverity 
of  the  climate  ;  and  the  very  day  he  fet  foot  on  RuC 
fian  ground,  Catharine  I.  paid  the  debt  of  nature. 
This  event,  at  firft,  feemed  to  threaten  the  approach- 
ing 
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ing  diffolutiqn  of  the  Academy,  whofe  eftablifhment 
thai  Princefs  had  juft  completed,  in  compliance  wit}} 
the  will  of  the  deceafed  Czar,  her  hufband. 

Euler,  at  a  prodigious  diftance  from  his  native 
country,  deftitute  of  the  advantage  which  Daniel 
Bernouilli  poffeffed,  that  of  an  illuftrious  and  refpe&ed 
name,  to  prepare  his  way,  formed  the  refolution  of 
entering  into  the  Ruffian  marine  fervice.  One  of  the 
admirals  of  Peter  I.  had  already  promifed  to  procure 
him  a  Situation ;  when,  happily  for  geometry,  the 
ftorm,  which  lowered  over  the  fciences,  fpent  itfelf. 
Daniel  Bernouilli  retired  to  his  own  country :  Euler 
-was  declared  Profeffor  of  Geometry,  and  fucceffor 
to  his  illuftrious  friend,  in  1733-  The  ^ame  Year  ^e 
married  a  young  lady  of  the  name  of  G/27/,  a  compa- 
triot of  his  own,  the  daughter  of  a  painter,  whom 
Peter  I.  had  brought  with  him  to  Ruffia,  on  return- 
ing from  his  firft  voyage.  . 

From  this  time  forward,  to  ufe  Bacon's  expreffion, 
Euler  felt  that  he  had  given  hoftages  to  fortune ; 
and  that  the  country,  in  which  he  could  hope  to  form 
an  eftabliftiment  for  his  family,  was  neceflarily  trant 
formed  into  his  native  country.  Born  and  educated 
in  the  bofom  of  a  nation,  all  whofe  governments 
preferve,  at  leaft,  the  appearance  and  the  language  of 
a  republican  conftitution ;  in  which,  notwithftand* 
ing  diftinctions  more  real,  than  tliofe  which  feparate 
between  the  higheft  Have  of  a  defpot  and  the  loweft 
of  his  fubjects,  the  forms  of  equality  have  always  been 
fcrupuloufly  obferved ;  in  which  the  refpeft  due  to 
the  laws  extends  to  ufages  the  moft  indifferent,  pro- 
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vided  they  have  the  fan&ion  of  antiquity,  and  o€ 
vulgar  opinion  :  Euler  found  himfelf  in  a  country, 
where  the  Prince  exercifes  unlimited  authority ; 
where  the  moft  facred  law  of  abfolute  governments, 
that  which  regulates  the  fucceflibn  to  the  throne^ 

was  at  that  time  uncertain,  or  treated  with  con- 

.....  » 

tempt ;  where  grandees,  enffoved  to  the  fovereign^ 
rule  with  a  defpotic  fway  over  an  enflaved  people ;' 
where,  at  the  very  moment,  a  vaft  empire,  under  the 
government  of  an  ambitious,  jealous  and  cruel  fo- 
reign defpbt,  was  enduring  all  the  tyranny  of  the  un- 
relenting Biren,  and  prefenting  a  fpe&acle  as  terrify- 
mg  as  inftruftive  to  men  of  letters,  who  had  been 
enticed  to  feek  in  it's  bofom,  glory,  fortune,  and  the 
power  of  enjoying,  in  perfect  fecurity,  the  calm  de- 
lights of  literary  refearch.  "    ' 

It  is  eafier  to  conceive,  than  to  defcribe,  what  muft 
have  been  the  feelings  of  Euler,  bound  to  remain 
in  fuch  a  fituation,  by  chains  which  it  was  impoflible 
for  him  to  burft  afunden  To  this  circumftance, 
however,  we  are,  perhaps,  indebted  for  tfidt  unre^ 
mitted  application  to  literary  purfuits,  of  which  he 
then  acquired  the  habit,  and  lyhich  became  his  only 
refource,  in  a  capital,  filled  witfr  the  parafites,  or  the 
enemies,  of  a  violent  Minifter ;  the  former  intent 
on  feeding  arid  flattering  his  fufpicious  temper  ;  the 
latter  employed  in  fecuring  tHenifelves  from  it's  fan- 
guinary  effe&s.  This  had  made  fo  deep  an  impref- 
fion  oh  the  mind  of  Euler,  that  we  find  the  traces 
6f  it  fo  late  as  1741,  the  year  after  Biren's  fall,  when 
tyranny  had  given  place  to  a  government  more  mild 
■  arid 
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and  humane.  At  that  period  he  went  from  Peters- 
burg to  Berlin,  on  the  earneft  folicitation  of  the 
King  of  Pruffia.  He  was  prefented  to  the  Queenr 
mother.  This  Princefs  took  great  pleafure  in  the 
converfation  of  enlightened  men  :  flie  received  them 
with  that  noble  familiarity  which  announces,  in 
Princes,  the  fentiment  of  a  perfonal  greatnefs,  inde- 
pendent of  rank  and  title,  and  which  has  become  one 
of  the  chara&eriftic  marks  of  that  auguft  family. 
The  Queen  of  Pruffia,  however,  could  extract  from 
Euler  monofyllables  only  :  fhe  taxed  him  with  a  ti- 
midity and  referve,  which  the  cordiality  of  his  re- 
ception could  not  poffibly  have  infpired :  Why,  then, 
will  you  not  talk  to  me,  faid  the  Queen  ?  Becaufe  Ma- 
dam, replied  he,  J  have juji  come  from  a  country,  where 
people  are  hanged,  if  they  talk. 

Feeling  myfelf  now  called  upon  to  give  fome  ac-. 
count  of  Euler*  s  immenfe  fcientific  labours,  I  fhrink 
from  the  impoffibility  of  following  him  in  detail,  of 
conveying  any  thing  like  an  accurate  idea  of  that 
multiplicity  of  difcoveries,  of  new  methods  of  inveC- 
ligation,  of  ingenious  views,  diffufed  over  more  than 
thirty  feparate  publications,  and  over  near  feyen  hun- 
dred memoirs,  of  which  about  two  hundred,  depo- 
fited  in  the  Academy  of  Peterfburg  previous  to  his 
death,  are  deftined  to  enrich,  in  their  order,  the  fu-] 
ture  colle&ions  publifhed  by  that  learned  body. 

But  a  particular  charafter  feems,  to  me,  to  diftin- 
guifli  Euler  from  the  other  illuftrious  men  who,  in 
purfuing  the  fame  career,  have  attained  a  glory  which 
his  has  not  eclipfed ;   that  charafter  is,  his  having 
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embraced  the  mathematical  fciences  in  their  uniyer- 
fality ;  his  having  brought  to  perfe&ion,  one  after 
another,  the  different  parts ;  and,  enriching  the 
yrhole  by  important  difcoyeries,  his  having  produced 
a  very  beneficial  revolution  in  the  manner  of  treat: 
ing  them.  I  imagined,  therefore,  that  in  Iketching 
a  methodical  reprefentation  of  the  different  branches 
pf  thefe  fciences,  in  pointing  out  the  progrefs  of  each, 
and  the  happy  improvements  to  be  afcribed  to  thq 
genius  of  Euler,  I  fhould  give,  at  leaft  as  far  as  my 
ability  permits,  a  jufier  idea  pf  this  wonderful  man, 
who,  by  uniting  fo  many  extraordinary  talents,  has 
prefented  a  phenomenon,  if  the  expreffion  may  be 
allowed,  pf  which  the  hiftory  of  fcience  has  hitherto, 
furnifhed  no  example. 

Algebra  had  long  been  a  fcience  of  very  Umite4 
ufe  and  application.  The  mode  of  confidering  the 
idea  of  magnitude,  only  in  the  higheft  degree  of  ab- 
ftraftion  of  which  the  human  mind  is  fufceptible ; 
ijt's  rigoroufly  feparating  from  that  idea  every  thing 
which,  by  employing  imagination,  might  give  fup- 
port,  or  repofe,  to  the  understanding ;  finally,  the 
extreme  generality  of  the  figns  which  this  fcience 
makes  ufe  of,  render  it  in  fpme  meafure  too  foreign 
to  our  nature,  too  remote  from  ordinary  conception, 
to  admit  of  the  mind's  taking  extraordinary  pleafure 
in  it,  and  of  cafily  acquiring  a  habit  of  tracing  it's 
operations.  The  algebraic  method  is  apt  to  difcou- 
rage  even  perfons  the  moft  difppfed  to  abftract  fpe- 
culation.  If  the  objeft  of  purfuit  be  ever  fo  little 
complicated,  we  are  forced  tP  lofe  fight  of  it  entirely, 

and 
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and  to  confine  our  whole  attention  to  dry  algebraic 
chara&ers ;  the  road  is  fafe  and  fure,  but  the  point 
which  is  aimed  at,  and  that  from  whence  we  took 
our  departure,  equally  vanifli  from  the  eye  of  the 
geometrician ;  and  it  required  no  flight  degree  of 
(Courage,  to  venture  out  of  fight  of  land,  without 
any  other  pilot  than  a  recently  difcovered  fcience. 
Accordingly,  on  examining  the  works  of  the  great 
geometricians  of  the  laft  age,  even  of  thofe  to  whom 
algebra  is  indebted  for  the  moft  important  difco- 
veries,  we  ihall  fee  how  little  they  were  accuftomed 
to  handle  this  very  weapon,  which  has  been  brought 
to  fuch  a  ftate  of  perfection  ;  and  it  is  impofiible  to 
refufe  to  Euler  the  praife  of  having  effected  a  re- 
volution, which  renders  algebraic  analyfis  a  mode  of 
calculation  luminous,  univerfal,  of  general  applica?- 
tion  and  of  eafy  acquifition. 

Thus,  at  certain  epochs,  when  after  ftrenuous  ex- 
ertions the  mathematical  fciences  feemed  to  have 
exhaufled  all  the  refources  of.  genius,  and  to  have 
reached  the  ne  plus  ultra  of  their  career  ;  all  at  once 
a  new  method  of  calculation  is  introduced,  and  the 
face  of  the  fcience  is  totally  changed.  We  find  it 
immediately,  and  with  inconceivable  rapidity,  en- 
riching the  fphere  of  knowledge,  by  a  folution  of  an 
incredible  number  of  important  problems,  which 
geometricians  had  not  dared  to  attempt,  intimidated 
by  the  difficulty,  not  to  fay  the  phyfical  impoflibility, 
of  purfuing  calculation  to  a  real  iffue.  Juftice  would, 
perhaps,  demand,  in  favour  of  the  man  who  invented 

and 
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and  introduced  thefe  methods,  and  who  firft  taught 
their  ufe  and  application,  a  fhare  in  the  glory  of  all 
thofe  who  have  practifed  them  with  fuccefs  ;  he  has, 
at  leaft,  claims  upon  their  gratitude,  which  cannot 
be  contefted  without  a  crime. 

Euler  had  negle&ed  no  part  of  analyfis :  he  has 
demonftrated  fome  of  the  theorems  of  Fermat,  on  in- 
determinate  analyfis,  and  has  difcovered  many  others, 
no  lefs  curious,  and  of  no  lefs  difficult  inveftigation. 
The  knight's  movement,  in  the  game  of  chefs,  and 
different  other  problems  of  fituation,  have  Iikewife 
excited  his  curiofity,  and  exercifed  liis  genius.  He 
blended  with  refearches  the  moft  important,  amufe- 
ments  of  this  fort,  frequently  more  difficult,  but  of 
little  ufe  either  to  the  progrefs  of  the  fcrence  itfelfj 
or  to  the  applications  hitherto  attempted.  Euler 
was  too  difcreet,  not  to  be  fenfible  of  the  impro- 
priety of  devoting  much  of  his  attention  to  re- 
fearches of  mere  curiofity  \  but  at  the  fame  time  of 
a  mind  too  enlarged  not  to  difcern,  that  their  inuti- 
lity could  only  be  momentaneous,  and  that  the  only 
means  of  expofing  their  inutility,  was  to  attempt  to 
unfold  and  generalize  them. 
x  The  particular  queftions  which  do  not  ftricUy  be- 
long to  the  regular  body  of  mathematical  fcience, 
which  do  not  enter  into  the  applications  of  which  it 
is  fufceptible,  ought  not  to  be  confidered  merely  as 
the  means  of  exercifing  the  powers,  and  difplaying 
the  genius  of  the  geometrician  :  in  cultivating  the 
fciences,  we  almoft  always  fet  out  with  attaching. 

3  ourfelves 


ELOGIUM  OF  EULER.  3lm 

ourfelves  to  fome  detached  parts,  in  preference ;  iij 

proportion  as  fucceflive  difcoveries  multiply,  the  re* 

#  ,  ...  ■ »  * 

Jations  which  unite  the  parts  gradually  appear ;  and 
to  the  illumination  refulting  from  this  union,  we  are 
moft  frequently  indebted  for  the  great  difcoveries, 
which  form  an  era  in  the  hiftory  of  the  human  mind. 

I  {hall  conclude  this  brief  reprefentation  of  Euler's 
labours,  on  pure  analyfis,  with  obferving,  that  it 
would  be  injxift  to  limit  it's  influence  on  the  progrefi? 
of  mathematics,  to  the  innumerable  difcoveries  with 
which  his  works  abound.  The  communications 
which  he  has  opened  between  all  the  parts  of  a  fcience 
lb  extenfive  ;  thofe  general  views  which  fometimes 
he  does  not  fo  much  as  indicate,  but  which  canilot 
elcape  an  attentive  obferver ;  the  paths,  whofe  en*. 
trance  he  has  fatisfied  himfelf  with  clearing  by  re- 
moving the  firft  obftacles  which  oppofed  ;  thefe  are 
fo  many  more  benefits  conferred  on  the  fphere  of 
fcience,  and  of  which  pofterity  will  undoubtedly 
avail  itfelf,  while  perhaps  the  hand  which  beftowed 
them  may  be  forgotten. 

The  treatife  on  mechanics,  which  Euler  gave  to 
the  world  in  1736,  is  the  firft  great  work  in  which 
analyfis  has  been  applied  to  the  fcience  of  motion. 
The  number  of  things,  entirely  new,  or  exhibited  in 
a  new  light,  which  this  book  contains,  would  have 
aftonifhed  geometricians,  had  not  Euler  already 
published,  feparately,  the  greateft  part  of  it. 
v  In  his  endlefs  labours  on  the  fame  fcience,  he  was" 
ever  faithful  to  analyfis,  and  the  happy  ufe  he  made 

of 
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of  it,  has  at  laft  procured  for  the  analytical  method 
a  preference  to  every  other. 

The  problem  of  vibrating  chords,  and  all  thofe 
which  belong  to  the  theory  of  found,  or  the  laws  of 
the  ofcillation  of  the  air,  have  been  fubjefted  to  ana- 
lyfis,  by  the  new  methods  with  which  he  enriched 
the  calculation  of  partial  differences.  A  theory  of 
the  motions  of  fluids,  founded  on  the  faijie  calcuja- 
tion?  aftpniflied  every  one  by  the  clearnefs  which  he 
Jias  diffuied  over  queftions  fo  intricate,  and  the  fa- 
cility which  he  has  communicated  to  modes  of  ope-r 
ration,  founded  on  an  analyfis  fo  profQund. 

All  the  problems  of  phyfical^aftronomy,  treated  in 
the  prefent  age,  have  been  refolved,  by  the  analytical 
j»ethod  peculiar  to  Euleiu  His  calculatiqn  of  the 
perturbations  of  the  earth's  orbit,  and  efpecially  his 
theory  of  the  moon,  may  be  held  up  as  models  of 
the  fimplicity,  of  the  precifion,  to  which  this  me- 
thod may  be  carried ;  and  in  reading  this  laft  work, 
jare  fee,  with  no  lefs  aftonifhment,  how  far  «t  man  of 
great  genius,  animated  with  a  defire  of  omitting  no- 
thing effential  on  an  important  queftion,  has  been 
jible  to  carry  the  patience  and  perfeverance  of  appli- 
cation, 

Aftronomy  employed  only  the  geometric  method : 
£uler  was  fenfifyle  of  every  thing  which  that  fcience 
had  to  expeft  from  the  aid  of  analyiis,  and  he  de- 
monftrated  it  by  examples  which,  imitated  fince  by 
men  of  ability  and  reputation,  may  in  tim^  beftow 
3.  new  form  on  aftronomy. 

He 
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He  treated,  in  all  it's  extent*,  the  naval  fcience  ;  in 
an  elaborate  work,  to  which  an  intelligent  analyfii 
ferves  as  bafis,  and  in  which  queftions  of  thegreateft 
difficulty  are  fubje&ed  to  this  general '  and  fertile 
method,  which  he  underftood  fo  well  to  create  and 
to  employ.  He  publifhed,  many  years  afterward,  oh 
the  fame  fubjeft,  an  elementary  abridgment  of  this 
treatife,  containing,  under  the  fimpleft  form,  every 
thing  ufeful  in  praftice,  and  neceffary  to  be  known 
by  perfons  who  devote  themfelves  to  the  marine  fer- 
vice.  This  Work,  though  defigned  by  the  Author 
merely  for  the  fchools  of  the  Ruffian  empire,  pro- 
cured  for  him  a  liberal  gratification  from  the  King 
of  France,  who  judged,  that  labours  beneficial  to 
mankind  demanded  the  grateful  acknowledgments 
of  all  Sovereigns,  and  who  wiflied  to  demonftrate  to 
Europe,  from  one  extremity  to  another,  that  talenti 
fo  rare  could  neither  be  overlooked,  nor  remain  un- 
rewarded. Euler  was  abundantly  fenfible  of  the 
value  of  this  mark  of  refpeft  from  a  great  Prince ; 
and  it  derived  an  additional  charm,  in  his  eyes,  from 
the  hand  through  which  it  was  tranfmitted,  that  of 
Mr.  Turgot,  a  minifter  univerfally  refpected  for  his 
talents  and  for  his  virtues  ;  a  man  formed  for  com- 
manding opinion,  rather  than  following  it,  and 
whofe  fuffrage,  ever  di&ated  by  truth,  and  never  by 
the  defire  of  attracting  to  himfelf  the  applaufe  of  the 
public,  might  be  an  acceptable  piece  of  flattery,  even 
to  a -wife  man,  too  much  accuftomeJ  to  glory  to  be 
ftill  awake  to  the  voice  of  fame. 

In 
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In  men  of  a  fuperior  genius,*  extreme  fimplicity  of 
chara&er  may  eajUy  confift  with  thofe  quality  of 
mind,  which  moft  forcibly  announce  ability  and  de- 
licacy  of  feeling.  Euler,  accordingly,  notwithstand- 
ing that  fimplicity  which  never  forfook  him,  knew^ 
however,  to  diftinguifh  with  a  fagacity,  alw;ays.  in- 
dulgent it  is  true^  the  homage  of  enlightened  admi- 
ration from  that  which  vanity  lavifhes  on  great  men, 
to  fecure  to  itfelf  at  leaft  the  merit  of  enthufiafm. 

His  dioptrical  refearches  are  founded  on  an  ana- 
lyfis  lefs  profound,  and  we  are  tempted  to  give  hinj 
credit  for  it,  as  being  a  kind  of  facrifice.  The  dif- 
ferent rays  of  which  a  folar  ray  is  formed,  fubfift  ii} 
the  fame  medium  of  different  refra&ions ;  feparated 
thus  from  adjacent  rays,  they  appear  fingle,  or  lefi 
blended,  and  give  the  fenfation  of  the  colour  proper 
to  them.  This  refrangibility  varies  in  different  me- 
diums for  every  ray,  and  in  conformity  to  a  law 
which  is  not  the  fame  with  that  of  the  mean  refrac? 
tion  in  thefe  mediums.  This  obfervation  fiiggefted 
a  belief,  that  two  unequal  prifms,  and  of  different 
fubftances,  combined,  might  divert  a  ray  from  it's 
direction*  without  decompounding  it,  or  rather  by 
replacing  the  elementary  rays,  by  refraction,  in  a  pa- 
rallel dire&ion*  On  the  truth  of  this  conje&ure 
might  depend,  in  telefcopes,  the  deftru&ion  of  the 
iris,  which  colours  bbje&s  viewed  through  lenticular 
glafies.  Euler  was  convinced  of  the  poffibility  df 
fuccefs,  conformably  to  this  metaphyfical  idea,  that, 
if  the  eye  is  compofed  of  different  humours^  it  is  only  in 
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the  view  of  dejiroying  the  effect  of  the  aberration  of  re* 
jrangibility.  The  only  thing  requifite,  therefore,  was 
an  attempt  to  imitate  the  operation  of  nature,  and 
he  propofed  the  means  of  execution  according  to  a 
theory  which  he  had  formed.  His  firft  efTays  in- 
-  duced  naturalifts  to  attend  to  an  objeft  which  they 
*  feemed  to  have  neglected*  Their  experiments  did 
not  correfpond  to  EtiLER/s  theory,  but  they  con> 
firmed  the  views  he  entertained  refpe&ing  the  per* 
fe&ion  of  telefcopes.  And,  inftructed  by  thefe,  in 
the  laws  of  difperfion,  in  different  mediums,  he 
abandoned  his  firft  ideas,  fubje&ed  to  calculation  the 
xefiilt  of  their  experiments,  and  enriched  dioptrics 
with  analytical  formules,  fimple,  commodious,  ge- 
'nefral,  and  applicable  to  inftruments  of  every  poffible 
conftru&ion. 

We  have,  befides,  fome  eflays  of  Euler,  on  the 
general  theory  of  light,  the  phenomena  of  which  he 
endeavoured  to  reconcile  with  the  laws  of  the  ofcil* 
Jations  of  a  fluid ;  becaufe  the  hypothecs  of  the 
•emiffion  of  rays  in  a  ftraight  line,  appeared  to  him 
to  prefent  infurmountable  difficulties.  The  theory 
of  the  loadftone, .  that  of  the  propagation  of  fire, 
the  laws  of  the  cohefion  of  bodies,  and  thofe  of 
fridion,  furnifhed  him,  likewife,  with  fubjecls  of 
ingenious  calculations,  but,  unfortunately,  fupported 
by  hypothelis,  rather  than  by  experiment, 

The  calculation  of  probabilities  and  political  arith- 
metic were  farther  objects  of  his  indefatigable  ap- 
plication.    I  fhalj  here  only  mention  his  relearches 
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on  bills  of  mortality,  and  the  means  of  deducing* 
them  from  phenomena  with  greater  exa&nefs ;  his 
method  of  ftriking  a  medium  from  the  obfervatfons 
made ;  his  calculations  refpe&ing  the  eftablifhment 
of  a  reverfionary  fund,  in  the  view  of  fecuring  to 
widows,  or  orphans,  either  a  fixed  fum,  or  an  annual 
revenue,  payable  after  the  death  of  a  hufband  or 
father ;  an  ingenious  and  humane  method,  devifed 
by  philofophic  geometricians  to  counterbalance  thd 
moral  evil  refulting  from  the  fettlement  of  life-an- 
nuities, and  to  convert,  to  the  relief  of  families,  the 
finalleft  favings  from  the  principal's  daily  earnings* 
or  from  the  revenue  of  a  commiffion,  a  place  or  a 
penfion. 

We  have  feen  in  the  elogium  of  Daniel  Bernwilli, 
that  he  had  divided  with  Euler  alone  the  glory  of 
having  carried  off  thirteen  prizes,  propofed  by  the 
Academy  of  Sciences :  They  often  contended  for  the 
fame  objeft,  and  occupied  the  fame  ground :  and  the 
honour  of  triumph  over  a  competitor  was  likewife 
divided  between  them ;  but  this  rivalfliip  never  en^ 
croached  on  the  expreffions  of  reciprocal  efteem* 
nor  cooled  the  ardor  of  mutual  friendfhip.  On  ex- 
amining the  fubjefts  for  which  the  one  or  the  other 
obtained  the  vi&ory,  we  find  that  fuccefs  depended 
principally  oh  the  chara&ef  of  talent  peculiar  to 
each;  When  the  queftion  required  addrefs  in  the 
manner  of  taking  it  upj,  a  dexterous  application  of 
experiment,  or  new  and  ingenious  phyfical  views, 
Daniel  Bcrneuilli  had  the  advantage  2  but  did  it  pre- 
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lent  difficulties,  which  profound  and  accurate  calcu- 
lation could  refolve ;  was  it  neceffary  to  create  a 
new  method  of  analyfis,  vi&ory  declared  for  Euler. 
Were  any  one  fo  prefumptuous  as  pretend  to  judge 
between  them,  he  would  find  that  he  had  to  pro-* 
nounce,  not  between  two  men,  but  between  jninds 
of  a  different  genius,  between  two  methods  of  em-* 
ploying  genius. 

I  fhould  have  conveyed  but  a  very  imperfeft  idea 
of  Euler's  fertility  of  invention,  unlefs  I  added  to 
this  faint  {ketch  of  his  labours,  that  there  are  very 
few  fubjects  of  importance,  once-  treated  by  him, 
that  he  did  not  retrace  j  nay,  fo  far  as  to  recompofe 
his  firft  work  feveral  times  over.  Sometimes  he 
fubftituted  a  direft  and  analytical  method,  in  place 
of  one  more  indirect :  fometimes  he  extended  his 
firft  folution  to  cafes  which  had  at  firft  efcaped  him ; 
adding  almoft  always  new  examples,  which  he  knew 
how  to  feleft  with  Angular  flrill  among  thofe  which 
prefented,  or  fome  ufeful  obfervation,  or  curious  xt* 
jnark. 

The  intention  merely  of  giving  to  one  of  his  pro* 
ductions  a  form  more  methodical,  of  rendering  it 
fomewhat  more  luminous,  of  beftowing  on  it  a  higher 
degree  of  fimplicity  was  to  him  motive  fufficient 
for  engaging  in  labours  incredible.  Never  did  geo- 
metrician write  fo  much,  and  no  one  ever  carried 
his  works  to  fuch  a  height  of  perfe&ion.  When  he 
publiflied  a  memoir  on  a  new  fubject,  he  fimply  ex- 
plained the  track  which  he  purfued ;  he  pointed  out 

Yojl.  I,  d  to 


1  ELQGIUM  OF  EULER. 

to  his  pupils  it's  intricacies  and  aberrations,  and  hav- 
ing, with  fcrupulous  exa&nefs,  made  them  accom- 
pany the  progrefs  of  his  own  mind,  in  his  firft  eflay^ 
he  fhe>ved  them  afterwards  how  he  had  been  en- 
abled  to  trace  a  Ampler  path.  It  is  evident,  that  he 
preferred  the  inftru&ion  of  his  difciples  to  the  filly 
fatisfaction  of  dazzling  them  by  his  own  fuperiority ; 
and  that  he  did  not  believe  he  had  done  enough  for 
fcience,  unlefs  he  added,  tp  the  new  truths  with 
phich  he  was  enriching  it,  a  c^njlid  expofition  of  the 
ideas  which  led  to  difcovery. 

On  reading  the  life  of  a  great  man,  whether  it  be 
a  convi&ion  of  the  imperfeftion  attached  to  frail  hu- 
manity ;  whether  it  be,  that  the  juftice  of  which  we 
are  capable,  does  not  rife  fo  high  as  to  induce  us  to 
acknowledge  a  fuperiority  for  which  nothing  can  be 
an  adequate  compenfatiqn ;  or,  finally,  whether  it 
be,  that  the  idea  of  perfection  in  another  mortifies 
or  humbles  us  ftilj.  more  £han  that  of  his  greatnefs, 
but  fome  how  or  another  it  feems  neceflary  for  us 
to  find  out  fome  weak  part ;  we  hunt  after  the  dif- 
covery of  a  defeft  in  him,  which  jnay  reconcile  us  to 
ourfelves ;  and  we  are  involuntarily  difpofed  to  call 
in  queftion  the  impartiality  of  the  Biographer,  unlefs 
he  points  out  the  weak  parf,  unlefs  he  withdraws  the 
impertinent  veil  which  conceals  the  defect. 

Euler  fometimes  appeared  to  be  taken  up  with 
the  mere  pleafure  of  calculation,  and  to  confider  the 
point  of  mechanics,  or  phyfics,  which  he  was  examin- 
ing, only  as  an  occafion  of  exercifing  his  genius,  and 
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of  following  the  bent  of  his  reigning  pafllon.  Some 
of  the  learned  have  accordingly  accufed  him  of  la* 
vifliing  his  talent  for  calculation  on  phyfical  hypor 
thefes,  or  even  on  metaphyfical  principles,  of  which 
he  had  not  fufficiently  examined  either  the  probabi- 
lity or  the  folidity.  He  has  like  wife  been  accufed 
of  depending  too  much  on  the  refources  of  calcula- 
tion, and  of  having  neglefted  thofe  with  which  he 
might  have  been  fupplied,  by  the  examination  of  the 
very  queftions  which  he  propofed  to  refolve. 

We  muft  admit,  that  the  firft  of  thefe  charges  is 
not  altogether  deftitute  of  foundation.  In  Euler, 
undoubtedly,  the  metaphyfician,  or  even  the  natu- 
xalift  was  not  fo  great  as  the  geometrician ;  and  we 
are  conftrained  to  regret,  that  in  many  parts  of  his 
works,  thofe,  for  inftance,  which  he  compofed  on 
the  naval  fcience,  on  artillery,  have  been  of  little 
ufe,  except  to  the  progrefs  of  the  fcience  of  calcula- 
tion. 

But  the  fecond  charge  appears  by  no  means  fo 
well  founded.  We  obferve  uniformly,  through  all 
the  works  of  Euler,  an  unremitting  effort  to  add 
to  the  riches  of  analyfis,  to  extend,  and  to  multiply 
the  applications  of  it :  at  the  fame  time  that  it  appears 
to  be  his  only  inftrument,  we  fee  clearly  that  it  is 
his  wifh  to  make  it  univerfally  fo.  The  natural  pro- 
greis  of  the  mathematical  fciences  muft  have,  in  time, 
brought  about  this  revolution ;  but  he  faw  it,  if  I 
may  fay  fo,  completed  under  his  own  eye :  to  his 
geniys  we  are  indebted  for  it ;  and  it  has  been  the 
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reward  of  all  his  exertions  and  difcoveries.  Accord? 
ingly,  even  when  he  appears  to  be  mifapplying  ana- 
lyfis,  and  exhaufting  all  it's  fecret  ftoyes  in  refolying 
$  queftion,  of  which  a  few  reflections,  foreign  to  cal? 
culation,  would  have  given  him  an  eafy  and  fimple 
folution,  he  was.  frequently  only  aiming  at  a  demon- 
ftration  of  the  power  and  resources  of  his  art ;  and 
he  merits  forgivenefs  at  leaft,  if  fometimes,  while  he 
feemed  taken  yp  with  another  fcience,  it  was  ftill  to 
the  progrefs  and  propagation  of  analyfis  that  his 
attention  was  devoted ;  and  the  revolution  which 
this  has  effe&ed  in  the  world  of  fcience,  is  one  of  his 
firft  claims  on  the  gratitude  of  mankind,  and  the 
faireft  title  to  glory. 

I  thought  myfelf  obliged  not  to  interrupt  the  de- 
tail of  Euler's  fcientific  purfuits,  by  a  recital  of  the 
few  and  fimple  events  of  his  life. 

He  fettled  at  Berlin  in  1741,  and  remained  these* 
till  1766. 

-  The  Princefs  d'Anhalt  Dejfau,  niece  to  Frederick  II. 
King  of  Prufiia,  was  defirous  of  receiving  from  him 
fome  lefibns  in  natural  philofophy.  Thefe  leffons 
have  been  publifhed,  under  the  title  of  letters  rq 
a  german  princess,  a  work  ineftim^ble  for  th$ 
Angularly  clear  light  in  which  he  has  difplayed  the 
moil  important  truths  of  mechanics,  of  phyfical-aftro- 
nomy,  of  optics,  and  of  the  theory  of  found ;  and 
for  the  ingenious  views,  lefs  philofophical  but  more 
iage,  than  thofe  which  have  made  Fontenel/e's  Plu- 
rality of  Worlds  outlive  the  Syftem  of  Vortices. 

The 
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The  nape  of  Euler,  fo  great  in  the  fphetfe  of 
fcience ;  the  refpe&ful  idea  attached  to  his  works, 
employed  in  unfolding  all  that  is  intricate  and  ab* 
{bract  in  analyfis,  diflufe  a  fingular  charm  over  thefe 
letters,  fo  fimplc,  and  fo  eafy.  Thofe  who  have  not 
ftudied  mathematics,  aftoniihed,  perhaps  flattered,  at 
being  able  to  underftand  a  work  of  Euler*  will  feel 
grateful  to  him  for  having  defcended  to  their  level ; 
and ;  thefe  elementary  details  of  the  fciences  acquire 
a  fpecies  of  greatnefc,  from  their  approximation  to 
the  ghrfy,  and  the  genius,  of  the  illuftrious  man  who 
trated  them* 

.  The  King  of  Pruffia  employed  Euler  ih  calcula- 
tions refpeding  the  coinage ;  on  conftru&ing  the 
aqueduft  of  Sans-Souds ;  on  the  formation  of  feveral 
navigable  canals*  That  great  Prince  had  a  mind  too 
enlarged  to  believe  that  extraordinary  talents,  and 
profound  knowledge,  ever  could  be  ufelels  or  dan* 
gerous  qualities ;  and  the  felicity  of  being  able  to  do 
good*  an  advantage  referved  by  nature  for  igno- 
rance and  mediocrity^ 

.  In  1750,  Euler  made  a  journey  to  Frankfort,  to 
receive  his  mother,  then  a  widow,  and  to  condu& 
her  to  Berlin.  He  had  the  happinefs  to  preferve  her 
till  1 761.  For  eleven  years,  then,  fhe  enjoyed  the 
glory  of  her  highly  diitinguifhed  fon,  in  the  way 
that  the  maternal  heart  knows  how  to  enjoy,  and 
was  ftill  more  happy,  perhaps,  in  the  tender  and  af- 
fiduous  expreffions  of  filial  affection,  the  value  of 
which  that  glory  greatly  enhanced. 
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During  his  refidence  at  Berlin,  Euler*  united  to 
Mr.  de  Maupertuis  by  the  ties  of  gratitude,  thought 
himfelf  obliged  to  defend  the  principle  of  the  leq/i  ac+ 
tiorij  on  which  the  Prefident  of  the  academy  of  Pruffia 
had  founded  the  hope  of  a  reputation  fo  exalted* 
The  means  which  Euler  thought  proper  to  ufe 
could  hardly  have  been  employed  by  any  other  per- 
fon  but  himfelf;  it  was  to  refolve,  on  this  principle, 
feveral  of  the  principal  and  moft  difficult  problems 
of  mechanics.  Thus,  in  the  age  of  fable,  the  Gods 
vouchfafed  to  forge,  for  their  favourite  warriors,  ar- 
mour impenetrable  by  all  the  blows  of  their  enemies. 
It  were  to  have  been  wiflied,  that  Euler's  gratitude 
had  confined  itfclf  to  a  proteftion  fo  noble,  and  fo 
worthy  of  himfelf;  but  it  cannot  be  denied,  that 
there  is  an  infufion  of  afperity,  rather  too  ftrong,  in 
his  replies  to  Kcsnig  ;  and  with  forrow  we  are  con- 
ftrained  to  recognize  a  great  man,  among  the  enemies 
of  an  unfortunate  and  perfecuted  fcholar.  Happily 
foT  Euler,  the  whole  tenor  of  his  life  fhelters  him 
from  a  more  ferious  fufpicion.  But  for  that  fim- 
plicity,  that  indifference  to  the  voice  of  fame,  which 
he  uniformly  manifefted,  it  might  have  been  fuf- 
pefted,  that  the  pleafantries  of  an  illuftrious  partifan 
of  Kanig  (pleafantries  which  Voltaire  himfelf  has 
juftly  configned  to  oblivion)  had  fomewhat  foured 
the  temper  of  the  gentle  and  fage  geometrician ;  but 
if  on  this  occafion  he  is  chargeable  with  a  fault,  it 
muft  be  imputed  folely  to  an  excefs  of  gratitude ; 
and  if  once  in  his  life  he  afted  wrong,  the  motive 
at  lead  is  refpe&able. 

The 
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The  Ruffian  forces  havifrg,  ill  1760,  penetrated 
into  the  marches  of  Brandeburg,  plundered  a  farm 
of  Euler's,  near  Charlbttenburg :  but  General  Tot- 
tleben  had  not  come  to  make  wir  on  the  fciences. 
Being  informed  of  the  lofs  which  EuLer  had  fufc 
tained,  he  haftened  to  repair  it,  by  ordering  payment 
far  beyond  the  real  Value  of  the  property,  and  hav- 
ing communicated  to  the  Emprefs  Elizabeth,  2x1  ac- 
count of  this  involuntary  difrefpeft,  fhe  was  pleafed 
to  add  a  gratuity  of  four  thoufand  florins  to  an  in- 
demnification already  tnore  than  fufficient*  This 
anecdote  is  not  fo  geherally  knbwii  as  it  deferves  to 
be,  while  we  quote,  wth  ehthiifiaftic  admiration* 
fimilar  aftions  tranfinitted  to  us  from  antiquity.  Is 
ftot  this  difference  in  the  judgments  We  form,  a  proof 
of  the  happy  progrefs  of  the  human  fpecies,  which 
certain  authors  ftill  obftinately  perfevere  in  denying, 
apparently  to  fhun  the  imputation  of  having  contri- 
buted to  it  ? 

The  government  of  Ruffia  had  never  treated  Etr- 
le r  as  a  ftranger.  Notwithftanding  his  abfence,  part 
of  his  falary  was  always  regularly  paid ;  and  in  1  j669 
the  Etnpreis  having  given  him  an  invitation  to  re- 
turn to  Petersburg,  he  complied. 

In  1735,  the  exertion  occafioned  by  an  aftrono- 
mical  calculation,  for  which  other  academicians  de- 
manded feveral  months,  but  completed  by  him  in  a 
few  days,  brought  on  an  indifpofition,  which  iffued 
in  the  lofs  of  one  of  his  eyes.  He  had  reafon  to  ap- 
prehend a  total  lofs  of  fight,  if  he  continued  to  ex- 
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pofe  himfelf  in  a  climate,  the  influence  of  which 
was  unfavourable  to  his  conftitution.  The  intereft 
of  his  family  got  the  better  of  this  apprehenfion ; 
and  if  we  reflect  that,  to  Eujler,  ftudy  was  *n  ex- 
cluiive  paflion,  we  fhall  readily  conclude,  that  few 
examples  of  paternal  tendernefs  have  more  com- 
pletely demonftrated,  that  it  is  the  mod:  powerful, 
and  the  fweeteft  of  all  our  affeftions. 

A  few  years  after,  he  was  overtaken  by  the  cala- 
mity which  he  forefaw  and  dreaded :  but  happily  fpr 
himfelf,  and  for  the  fciences,  he  preferved  ftill  the 
faculty  of  diftinguifhing  large  characters  traced  on  a 
flate  with  chalk.  His  fons,  his  pupils,  copied  his  cal- 
culations ;  wrote,  as  he  dictated,  the  reft  of  his  me- 
moirs j  and  if  we  may  form  a  judgment  of  thefe 
from  their  number,  and  frequently  from  the  genius 
transfufed  through  them,  it  will  appear  abundantly 
credible,  that  from  the  abfence  ftill  more  abfolute  of 
all  diftra&ion,  and  from  the  new  energy  which  this 
conftrained  recolle&ion  gave  to  all  his  faculties,  he 
gained  more,  both  as  to  facility  and  means  of  labour, 
than  he  loft  by  a  diminution  of  fight. 

Befides,  Eujler,  by  the  nature  of  his  genius  and 
his  habits  of  life,  had  even  involuntarily  laid  up  for 
himfelf  extraordinary  fupplies.  On  examining  thofe 
great  analytical  formules,  fo  rare  before  his  time, 
but  fo  frequent  in  his  works,  the  combination  and 
difplay  of  which  unite  fo  much  fimplicity  and  ele- 
gance, whofe  very  form  pleafes  the  eye  as  well  as  the 
mind,  it  will  be  evident,  that  they  are  not  the  re* 

fult 
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fult  of  a  calculation  traced  on  paper,  but  that,  pro* 
duced  entirely  in  the  head,  they  are  the  creation  of 
an  imagination  equally  vigorous  and  aclive. 

There  exift  in  analyfis,  and  Euler  greatly  mul- 
tiplied their  number,  formules  of  a  common  and 
almoft  daily  application ;  he  had  them  always  prefent 
to  his  mind,  knew  them  by  heart,  repeated  them  in 
converfation ;  and  Mr.  d'Alembert,  when  he  few  him 
at  Berlin,  was  aftonifhed  at  an  effort  of  memory, 
which  demonftrated,  that  Euler  poffeffed  at  once 
a  ftrength  and  a  clearnefs  of  recollection  almoft  in- 
credible. At  length  his  facility  of  calculation  by  the 
head  was  carried  to  fuch  a  degree  as  would  exceed 
all  belief,  had  not  the  hiftory  of  his  labours  accuf- 
tomed  us  to  prodigies.  He  has  been  known,  in  the 
yiew  of  exercifing  his  litde  grandfon  in  the  extrao 
*tion  of  the  fquare  and  cube  roots,  to  have  formed 
to  himfelf  the  table  of  the  fix  firft  powers  of  all 
numbers  from  i  to  i  oo,  and  to  have  preferved  it 
exa&ly  in  his  memory.  Two  of  his  pupils  had  cal- 
culated as  far  as  to  the  feventeenth  term  of  a  conver- 
gent feries,  abundantly  complicated ;  their  refults, 
though  formed  after  a  written  calculation,  differed 
one  unit  at  the  fiftieth  figure :  they  communicated 
this  difference  to  their  matter  :  Euler  went  over  the 
whole  calculation  in  his  head,  and  his  decifion  was 
found  to  be  the  true  one. 

From  the  time  he  loft  his  fight,  his  chief  amufe- 
ment  was  to  make  artificial  magnets,  and  to  give 
leffons  in  the  mathematics  to  one  of  his  grand-chil- 
dren, 
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dren,  who  feemcd  to  have  a  promifing  difpofition  i& 
that  fcience. 

He  made  a  point  of  ftill  going  occafionally  to  thef 
Academy,  efpecially  if  deKcate  cfrcumftances  de- 
manded his  attendance,  or  when  he  deemed  his  pre- 
fence  nedeflary  to  the  maintenance  of  liberty.  It  is 
£afy  to  conceive  how  much  it  is  ih  the  power  6f  a 
perpetual  prcfident,  appointed  by  the  court,  to  dif- 
turb  the  peace  of  an  Academy,  aftd  hoV  touch  fuch 
a  femiriary  has  to  apprehend  frtftn  otie  whd,  Hot  being 
elected  from  their  own  numbed,  does  not  fed  hiiri- 
felf  reftrained  even  by  a  fenfe  of  that  fupport  which 
his  reputation  deeds  froto  the  fiiffrages  of  his  cok 
leagues.  How  is  it  poffible  for  meri,  Employed  folely 
in  calm  literary  purfuits,  and  Underftahding  rid  Ian- 
guage  but  that  of  the  fciences,  to  defend  themfelves 
in  fuch  a  cafe ;  efpecially  if  ftrangers,  uncorineftedy 
far  from  their  country,  they  derive  their  whole  fup- 
port from  that  government,  to  which  they  would  ap- 
peal for  juftice  againft  an  imperious  prefident,  whom 
that  very  government  had  placed  over  them. 

But  there  is  a  degree  of  glory,  which  places  a  man 
beyond  the  reach  of  fear :  it  is,  when  all  Europe 
would  roufe  itfelf  to  refent  a  perfonal  injury  offered 
to  a  great  man,  that  he  can  without  rifk  oppofe  to 
injuftice  the  authority  of  his  reputation,  and  elevate, 
in  fupport  of  the  fciences,  a  voice  which  will  make 
itfelf  heard.  Euler,  gentle,  modeft  as  he  was,  was 
fenfible  of  his  power,  and  oftener  than  once  made  a 
very  happy  ufe  of  it. 

.     3  In 
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In  1 77 1,  the  city  of  Petersburg  fuffered  feverely 
from  a  terrible  conflagration :  the  flames  had  caught 
the  houfe  of  Euler.  One  Peter  Grimm,  a  native  of 
Bale,  whofe  name  well  deferves  to  be  tranfmitted  to 
pofterity,  apprized  of  the  danger  of  his  illuftrious 
compatriot,  now  blind  and  enfeebled,  burft  through 
the  midft  of  the  fire,  reaches  his  apartment,  places 
him  on  his  Ihoulders,  and  laves  Euler's  life,  at  the 
/  hazard  of  his  own.  His  library,  his  furniture  was 
deftroyed,  but  the  zeal  and  exertions  of  Count  Qrleff 
preferved  his  manufcripts.  The  attention  paid  to 
this,  at  the  height  of  a  calamity  fo  dreadful,  is  the 
mod  honourable  and  flattering  homage  which  pub- 
He  authority  could  have  offered  to  fcience.  The 
houfe  of  Euler  was  one  of  the  Emprefs's  gifts  to 
him ;  a  fimihr  aft  of  munificence  fpeedily  repaired 
the  lofs. 

He  had  by  his  firft  wife  thirteen  cliildren,  eight 
of  whom  died  young.  His  three  fons  furvived  him, 
but  he  had  the  misfortune  tolofe  both  his  daughters, 
the  laft  year  of  his  own  life.  Of  thirty-eight  grand- 
children, twenty-fix  were  living  at  the  time  of  his 
death.  In  1776  he  entered  a  fecond  time  into  the 
married  ftate,  by  efpoufing  a  Mifs  Gfell,  lifter  to  his 
firft  wife's  father.  He  had  always  retained  all  that 
fimplicity  of  manners,  of  which  his  father's  houfe 
had  let  the  example.  As  long  as  his  fight  remained, 
he  every  evening  collefted,  to  domeftic  devotion,  his 
grand-children,  his  domeftics,  and  fuch  of  his  pupils 
as  lodged  in  the  houfe ;  he  read  to  them  a  portion 
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of"  Scripture,  and  fometimes  accompanied  it  with  art 
expofition. 

He  was  of  a  very  Religious  turn  of  mind.  He 
publilhed  a  new  demonftration  of  the  exiftence  of 
God,  and  of  the  fpirituality  of  the  foul :  this  laft 
^/  treatife  has  been  admitted  as  a  ftandard  book  into 
feveral  colleges  of  divinity.  With  fcrupulous  exaft* 
nefs  he  adhered  to  the  religion  of  his  country,  whidh 
is  rigid  Calviniftn :  and  it  does  not  appear  that,  after 
the  example  of  moft  fcholars  of  the  proteftant  per- 
fuafion,  he  ever  took  the  liberty  of  adopting  pecu- 
liar  ideas,  or  of  forming  a  fyftem  of  religion  for 
himfelf*  > 

His  erudition  was  very  extenfive,  efpecially  in  the 
hiftory  of  mathematics.  It  is  alleged  that  he  had 
carried  his  curiofity  fo  far  as  to  acquire  the  know- 
ledge of  the  proceffes  and  rules  of  aftrologyj  and 
that  he  had  even  made  fome  applications  of  them* 
However,  when  in  1740  he  was  commanded  to 
calculate  the  nativity  of  Prince  Ivan,  he  excufed 
himfelf,  by  reprefenting  that  this  was  the  proper 
bufinefs  of  Mr.  Kraaff,  in  quality  of  royal  aftrono- 
mer.  Credulity  of  this  fort,  which  we  are  afto- 
niflied  to  find  at  fo  recent  a  period  in  the  Court  of 
Ruffia,  prevailed,  the  age  before,  in  all  the  Courts 
of  Europe :  thofe  of  Afia  have  not  yet  fliaken  off 
this  abfurd  yoke,  and  it  muft  be  acknowledged, 
that  if  we  except  the  common  maxims  of  mora- 
lity, there  is  no  one  truth  which  can  boaft  of  hav- 
ing been  fo  generally  adopted,  and  through  fuch  a 
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fccceffion  of  ages,  as  certain  ridiculous  or  pernicious 
errors. 

Eujler  had  ftudied  almpft  every  branch  of  phyfiqs? 
anatomy,  chemiftry,  botany  ;  but  his  fuperiority  uj 
mathematics  did  not  permit  him  to  attach  the  flighteft 
importance  to  his  proficiency  in  any  .other  branch  of 
icience,  though  it  was  fuch  as  might  have  induced  a 
perfon  more  fufceptible  of  the  flattery  of  felf-love 
to  afpire  to  the  title  of  an  univerfal  fcholar. 

The  ftudy  of  ancient  literature,  and  of  the  learned 
languages,  had  formed  part  of  his  education :  he  re- 
tained a  tafte  for  thefe  to  the  end  of  life,  and  never 
forgot  any  thing  he  had  once  acquired ;  but  he  had 
neither  time  nor  inclination  to  profecute  farther  his 
attainments  in  claffic  literature*  He  had  not  fo 
much  as  read  the  modern  poets,  but  knew  the  Eneid 
by  heart.  Euler,  however,  did  not  lofe  fight  of 
the  mathematics,  even  in  reciting  the  verfes  of  VirgiL 
Every  thing  concurred  to  prefent  him  with  this  dar- 
ling object  of  his  thoughts,  and  we  find  among  his 
works,  an  ingenious  memoir  on  a  queftion  in  me-  {/^ 
chanics,  the  firft  idea  of  which,  he  tells  us,  was  fug- 
gefted  by  a  line  of  Virgil. 

It  has  been  faid  that,  to  men  of  great  talents,  the 
pleafure  of  exertion  is  a  reward  ftill  more  gratifying 
than  glory  itfelf :  were  it  neceffary  to  prove  this  truth 
by  examples,  that  of  Euler  would  put  it  beyond  a 
doubt. 

In  his  moft  profound  difcuffions  with  celebrated 
geometricians,  he  never  betrayed  the  flighteft  fymp- 

ton\ 
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torn  which  could  excite  a  fufpicion  of  his  being  ac« 
tuatcd  by  motives  of  felf-love.  He  difcovered  no 
cagernefs  to  affert  his  title  to  the  merit  of  his  difco- 
veries ;  and  if  any  thing  in  his  works  was  claimed 
is  the  difcovery  of  another,  he  was  at  pains  to  repair 
the  involuntary  offence,  even  without  enquiring  too 
fcrupuloufly,  whether  rigid  juftice  demanded  an  ab- 
fblute  renunciation.  Did  any  one  pretend  to  have 
dete&ed  him  in  error,  if  the  charge  was  unfounded, 
he  forgot  it ;  if  juft,  he  corre&ed  it,  without  flop- 
ping to  obferve  that,  in  many  cafes,  the  merit  of 
thofe  who  boafted  of  having  made  the  detection, 
confifted  wholly  in  an  eafy  applicati6n  of  the  me- 
\s  thods  which  he  himfelf  had  taught  them,  to  theories, 
the  greateft  difficulties  of  which  he  had  before-hand 
removed.       ^ 

Men  of  nfiddling  ability  almoft  always  endeavour 
to  make  themfelves  of  confequence,  by  an  affe&ed 
feverity,  proportional  to  the  lofty  idea  which  they 
wifh  to  convey  of  their  underftanding,  or  of  their 
genius.  Inexorable  to  all  that  rifes  above  them,  they 
give  no  quarter  even  to  inferiority ;  fo  that  we  are 
tempted  to  fay,  a  fecret  confcioufhefs  fhews  them 
the  neceflity  which  they  are  under  of  lowering  others. 
An  inftinctive  emotion  engaged  Euler,  on  the  con- 
trary, to  celebrate  genius  the  moment  that  it's  firft 
exertions  had  challenged  his  attention,  and  without 
waiting  till  public  opinion  courted  the  fandipn  of 
his  fuffrage. 

He  has  been  known  to  employ  his  time  in  refalving 
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problems  already  folyed,  which  was  to  procure  fojr 
him,  at  moft,  the  inferior  praife  of  greater  elegance, 
or  exadlnefs  of  method ;  and  this  with  the  fame 
ardor  and  perfeverance  that  he  could  have  exerted 
in  the  pjrofecutipn  of  a  new  truth,  the  difcovery  of 
which  might  have  brought  him  an  increafe  of  repu- 
tation. Befijies,  had  an  ardent  defire  of  glory  acy 
tually  exifted  in  his  breaft,  it  would  have  been  im- 
poffibje  for  him,  fuch  was  the  franknefs  of  his  cha- 
racter, to  conceal  it's  emotions.  But  the  glory  which 
he  w^s  fo  little  folkitous  to  purfue,  fought  and  found 
him  out.  The  Angular  fertility  of  his  genius  was  a 
ftriking  phenomenon,  even  to  perfons  who  were  not 
in  a  condition  to  underihu)d  his  works. 

Though  wholly  devoted  to  geometry,  his  repute 
tion  challenged  the  attention  of  men  little  verfed  in 
that  fcience ;  and  he  appeared  in  the  eyes  of  all 
Europe  not  only  the  firft  of  geometricians,  but  a 
great  man.  It  is  the  cuftom  of  Ruffia  to  beftow  mi- 
litary titles  on  men  wholly  unconne&ed  with  the 
fervice.  This  is  paying  homage  to  a  prejudice  which 
would  reprefent  the  profeffion  of  a  foldier  as  the 
only  title  to  nobility,  but  the  pra&ice  is  at  the  fame 
time  a  direft  acknowledgment  of  it's  complete  fal- 
fity.  Some  of  the  Literati  have  even  arrived  at  the 
xajik  of  Major-General :  Euler  never  had,  and  in- 
deed never  would  have,  any  diftin&ion  of  this  fort ; 
but  what  title  in  the  power  of  Princes  to  beftow* 
could  do  honour  to  the  name  Euler?  And  then, 
regard  for  the  prefervation  of  the  natural  rights  of 

humanity, 
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humanity,  impofes,  in  fome  meafure,  the  duty  of 
fetting  the  example  of  a  fage  indifference  to  thefe 
baubles  of  human  vanity,  fo  childifh  and  yet  fo  dan- 
gerous. 

Moft  of  the  Princes  of  the  North,  to  whom  he  was 
perfonally  known,  gave  him  marks  of  their  efteem, 
or  rather  of  a  veneration  which  they  could  not 
with-hold  from  the  union  of  a  virtue  fo  fimple  with 
a  genius  fo  vaft  and  elevated.  When  the  Prince 
Royal  of  Pruflfe  travelled  to  Peterfburg,  he  did  not 
wait  for  a  vifit  from  Euler,  but  went  firft  to  his 
houfe,  and  paffed  fome  hours  by  the  bed-fide  of 
the  venerable  old  man,  holding  his  hands  in  his 
own,  with  one  of  Euler's  grand-children  in  his 
lap,  whom  early  fymptoms  of  a  genius  for  geome* 
try  had  rendered  the  particular  objeft  of  paternal 
affection. 

All  the  noted  mathematicians  pf  the  prefent  day 
are  his  pupils :  there  is  no  one  of  them  who  has  not 
formed  himfelf  by  the  ftudy  of  his  works,  who  has 
not  received  from  him  the  formules,  the  method 
which  he  employs ;  who  is  not  direfted  and  fup- 
ported  by  the  genius  of  Euler  in  his  difcoveries. 
This  honour  he  owes  to  the  revolution  effected  in 
the  mathematical  fciences,  by  fubje&ing  all  to  ana- 
lysis ;  to  his  indefatigable  application,  which  has  en-* 
abled  him  to  embrace  the  whole  extent  of  thefe  fci- 
ences ;  to  the  order  in  which  he  has  arranged  his 
great  works  ;  to  the  fimplicity,  to  the  elegance,  of 
his  formules ;  to  the  clearnefs  of  his  methods  and 
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demonftrations ;  and  all  this  greatly  enhanced,  by 
the  multiplicity  and  the  choice  of  his  examples*  Nei- 
ther Newton,  nor  DeJ cartes,  whofe  influence  was  once 
fo  powerful,  has  arrived  at  this  pitch  of  glory ;  and 
hitherto,  Euler  alone,  of  geometricians,  has  poffeffed 
it  entirely,  and  without  a  rival. 

But,  as  Profeffor,  he  has  formed  pupils  in  a  pecu- 
liar fenfe  his  own.  Among  thefe,  we  mention  his 
eldeft  fon,  whom  the  Academy  of  Sciences  elected 
to  fupply  his  place,  without  any  apprehenfion  that 
this  honourable  fucceffion  granted  to  the  name  of 
Euler,  as  to  that  of  Bernouilli,  could  ever  become  a 
dangerous  precedent :  a  fecond  fbn,  now  engaged  in 
the  ftudy  of  medicine,  but  who,  in  his  youth,  ob- 
tained from  that  Academy  the  prize  propofed  ibr 
determining  the  alterations  of  the  mean  motion  of 
the  planets ;  Mr.  Lexell,  whofe  premature  death  has 
juft  left  a  blank  in"  the  world  of  fcience  j  and,  to 
mention  no  more,  Mr.  Fufs,  the  youngeft  of  his  fcho- 
lars,  and  the  companion  of  his  laft  labours  j  who, 
fent  from  Bale  to  Euler  by  Daniel  Bernoulli ,  has, 
by  his  works,  done  credit  to  Bernoulli's  recommen- 
dation, ^nd  Euler's  inftru&ions,  and  who,  after 
having  paid  public  homage  in  the  Academy  of  Peterf- 
burg,  to  his  illuftrious  mafter,  married  his  grand- 
daughter. 

Of  fixteen  profeflbrs  belonging  to  the  Academy 

of  Peterfbui'g,  eight  had  been  formed  by  him  ;  and 

all  of  them,  well  known  from  their  produftions,  and 

decorated  *with  academic  honours  j  value  themfelves 
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on  being  able  to  add,  to  all  the  reft,  that  of  difciple 
to  Euler. 

He  had  retained  all  his  facility  of  thought,  and, 

apparently,  all  his  mental  vigour :  no  decay  feemed 

to  threaten  the  fcienccs  with  the  ftidden  lofs  of  their 

great  ornament.     On  the  7th  of  September,  1783, 

after  amufing'  himfelf  with  calculating  on  a  flate  the 

laws  of  the  afcending  motion  of  air-balloons,  the 

recent  difcovery  of  which  was  then  making  a  noife 

1  all  over  Europe,  he  dined  with  Mr.  Lexell  and  his 

family,  talked  of  Hcrfchelfs  planet,  and  of  the  cal- 

-   culations  which  determine  it's  orbit.     A  little  after 

he  called  his  grand-child,  and  fell  a  playing  with  him 

as  he  drank  tea,  when  fuddenly,  the  pipe,  which  he 

held  in  his  hand,  dropped  from  it,  and  he  ceafed  to 

,  calculate  and  to  breathe. 

Such  was  the  end  of  one  of  the  greateft  and  moft 
extraordinary  men  ever  produced  by  the  hand  of 
nature ;  a  man  whofe  genius  was  equally  capable  of 
the  greatcft  efforts,  aiid  of  the  moft  unwearied  ap- 
plication ;  who  piultiplied  his  productions  far  be- 
:  yond  what  could  have  been  expe&ed  from  powers 
v.  merely  human,  and  was,  neverthelefs,  original  in 
every  one;  whofe  head  was  inceffantly  employed, 
and  his  fpirit  always  tranquil ;  who,  filially,  by  a  de- , 
ftiny  unfortunately  too  rare,  united,  and  that  de- 
fervedly,  a  felicity  hardly  ever  interrupted,  to  a  glory 
which  no  one  ever  difputed  with  him. 

His  death  was  confidered  as  a  public  lofs,  even  in 
the  country  wjrich  he  inhabited.     The  Academy  of 
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Petersburg  went  into  deep  mourning  for  him,  and 
voted  a  marble  buft  of  him,  at  their  own  expence, 
to  be  placed  in  their  Affembly-Hall.  An  honour 
full  mor e  diftinguiftied  had  already  been  conferred 
on  him,  by  that  learned  body,  in  his  life-time.  In 
an  allegorical  painting,  a  figure  of  Geometry  is  re- 
prefented  leaning  on  a  tablet,  exhibiting  mathema- 
tical calculations,  and  the  chara&ers  infcrihed,  by 
order  of  the  Academy,  are  the  formules  of  his  new 
theory  of  the  moon*  Thus,  a  country  which,  at  the 
beginning  of  the  prefent  century,  we  confidered  as 
fcarcely  emerged  out  of  barbarifm,  is  become  the 
inftrucfcor  of  the  mod  enlightened  nations  of  Europe, 
in  doing  honour  to  the  life  of  great  men,  and  in  em* 
balming  their  memory :  it  is  fetting  thefe  nations  an 
example,  which  fome  of  them  may  blufh  to  refleft, 
that  they  have  had  the  virtue  neither  to  propofe, 
nor  to  imitate. 
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LETTER  L 

Of  Magnitude,  or  Extenfion, 

Madam* 

THE  hope  6f  having  the  hoftour  to  comihuiiicate, 
in  perfon,  to  your  Highnefs,  my  leffons  in  Geo- 
metry, becoming  more  and  more  diftant,  which  is  a 
very  fefcfible  mortification  to  me,  t  feel  myfelf  im- 
pelled to  fupply  perfonal  inftrudtion  by  writing,  as 
far  as  the  nature  of  the  obje&s  can  permit. 

I  begin  my  attempt,  by  affifting  you  to  form  a  juft 
idea  of  magnitude  ;  producing,  as  examples,  the  finall- 
eft  as  well  as  the  greateft  extenfions  of  matter  a&ually 
difcoverable  in  the  fyftem  of  the  Univerfe.  And 
firft,  it  is  neceffary  to  fix  on  fome  one  determinate 
divifion  of  meafure,  obvious  to  the  fenfes,  and  of 
which  we  have  an  exaft  idea,  that  of  a  foot,  for  in- 
ftance.  The  quantity  of  this,  once  eftablifhed,  and 
rendered  familiar  to  the  eye1,  will  enable  us  to  form 
the  idea  of  every  other  quantity,  as  to  length,  great 

Vol.  J*  B  or 
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or  finall ;  the  former,  by  afcertaining  how  many  feet; 
it  contains  >  and  the  latter,  by  afcertaining  what  part 
of  a  foot  meafures  it.  For,  having  the  idea  of  a  foot, 
we  have  that  alfo  of  it's  half,  of  it's  quarter,  of  it's 
twelfth  part,  denominated  an  inch,  of  it's  hundredth, 
and  of  it's  thoufandth  part ;  which  is  fo  fmall  as  al- 
tnoft  to  efcape  the  fight.  But  it  is  to  be  remarked, 
that  there  are  animals,  not  of  greater  extenfion  than 
this  laft  fubdivifion  of  a  foot,  which,  however,  are 
compofed  of  members  through  which  the  blood  cir- 
culates, and  which  again  contain  other  animals,  as 
diminutive  compared  to  them,  as  they  are  compared 
to  us.  Hence  it  may  be  concluded  that  animals 
exift,  whofe  finallnefs  eludes  the  imagination ;  and 
that  thefe  again  are  divifible  into  parts  inconceivably 
finaller.  Thus,  for  example,  though  the  ten  thou- 
fandth  part  gf  a  foot  be  too  fmall  for  fight,  and, 
compared  to  us,  ceafes  to  be  an  objeft  of  fenfe,  it  ne- 
verthelefs  furpaffes  in  magnitude  certain  complete 
animals  j  and  muft,  to  one  of  thofe  animals,  were  it 
endowed  with  the  power  of  perception,  appear  ex- 
tremely great. 

Let  us  now  make  the  tranfition  from  thefe  minute 
quantities,  in  purfuing  which  the  mind  is  loft,  to 
thofe  of  the  greateft  magnitude.  You  have  the  idea 
of  a  mile  ;*  the  diftance  from  hence  to  Magdeburg 
is  computed  to  be  1 8  miles ;+  a  mile  contains  24,000 
feet,  and  we  employ  it  in  meafuring  the  diftance  of 
the  different  regions  of  the  globe,  in  order  to  avoid 

*  The  German  mile  is  equal  to  4  3-5tbs  miles  Englifli,  nearly. 
f  About  83  Englifli -miles. 
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nutnbers  inconceivably  great,  in  btir  calculations, 
which  mull:  be  the  cafe  if'  we  ufed  foot  inftead  of 
mile*.  A  mile  then,  containg  24,oop  feet,  when  it  is 
faid  that  Magdeburg  is  1 8  miles  from  Berlin,  the 
idea  is  much  clearer,  than  if  the  diftance  of  thefe  two 
cities  were  faid  to  be  432,000  feet:'  A  number  fo 
great  almoft  overwhelms  the  underftanding.  Again* 
We  fhaH  have  a  tolerably  juft  idea  of  the  magnitude 
of  the  earth,  when  we  are  toldthat  it's  circumference 
is  about  5,400  miles*  And  the  diameter  being  a 
ftraight  line  palling  through  the  centre,  and  termi- 
nating,,in  oppofite  direftions,  in  the  furface  of  the 
iphere,  which  is  the  acknowledged  figure  of  the  earth, 
for  which  reafon  alfo  we  give  it  the  name  of  g lobe, 
the  diafticter  of  this  globe  is  calculated  to  be  1720 
miles  ;*  and  this  is  the  meafurement  which  we  em- 
ploy for  determining  the  greateft  diftances  difcover- 
able  in  the  heavens.  Of  all  the  heavenly  bodies  the 
moon  is  neareft  to  us,  being  diftant  only  about  30 
diameters  of  the  earth,  which  amouftt  to  51,600 
miles,!  or  1,238,400,000  feet;  but  the  firft  compu- 
tation? of  30  diameters  of  the  earth,  is  the  clear  eft 
idea.  The  fun  is  about  300  times  farther  from  us 
than  the  moon ;  and  when  we  fay  his  diftance  is 
9,600  diameters  of  the  earth,  we  have  a  much  clearer 
idea,  than  if  it  were  expreffed  in  miles,  or  in  feet. 

*  About  7,920  Englifli  miles.  The  diameter  of  our  earth  is 
really  7,964  Engliih  miles,  it's  circumference  25,020.  The  mean 
diftance  of  the  moon  is  240,000  miles,  which  fcarcely  exceeds  the 
400th  part  of  the  fun's  mean  diftance,  or  93,720,000  miles. 

t  About  237,360  miles  Englifh. 
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You  know  that  the  earth  performs  a  revolution 
round  the  fun  in  the  fpace  of  a  year,  but  that  the 
fun  remains  fixed.  Befide  the  earth,  there  are  five 
other  fimilar  bodies,  named  planets,  which  revolve 
round  the  fun ;  two  of  them  at  fmaller  diftances, 
Mercury  and  Venus ;  and  three  at  greater,  namely 
Mars,  Jupiter  and  Saturn.  All  the  other  ftars  which 
we  fee,  comets  excepted,  are  called  fixed ;  and  their 
diftance  from  us  is  incomparably  greater  than  that  of 
the  fun.  The  diftances  are  undoubtedly  very  un- 
equal, which  is  the  reafon  that  fome  of  thefe  bodies 
appear  greater  than  others.  But  the  neareft  of  them 
is,  unqueftionably,  above  5,000  times  more  diftant 
than  the  Sun :  it's  diftance  from  us,  accordingly,  ex- 
ceeds 45,000,000  of  times  the  earth's  diameter,  that 
is  77,400,000,000  of  miles  ;*  and  this  again  multi- 
plied by  24,000  will  give  that  prodigious  diftance  ex- 
preffed  in  feet.  And  this,  after  all,  is  the  diftance 
only  of  thofe  fixed  ftars  which  are  the  neareft  to  us ; 
the  moft  remote  which  we  fee,  are  perhaps  a  hundred 
times  farther  off.  It  is  probable,  at  the  fame  time, 
that  all  thefe  ftars  taken  together,  conftitute  only  a 
very  fmall  part  of  the  whole  univerfe,  relatively  to 
which  thefe  prodigious  diftances  are  not  greater  than 
a  grain  of  fand  compared  to  the  earth*  This  im- 
menfity  is  the  work  of  the  Almighty,  who  governs 
the  greateft  bodies  and  the  fmallefLf 

Berlin,  19th  April,  1760. 

*  356,050,000,000  miles  Englifh. 

f  This  letter,  in  the  original  edition,  that  of  Leipfigi  1770,  is 
dated,  Berlin  19th  April,  1760,  and  concludes  with  thefe  words, 
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LETTERJ, 

Of  Velocity. 

T^LATTERING  myfelf  that  your  Highnefs  may 
•*■  be  pleafed  to  accept  the  continuation  of  my  in- 
ftruftions,  a  Specimen  of  which  I  took  the  liberty  of 
prefenting  to  you  in  a  forme*  letter,  I  proceed  to  un- 
fold the  idea  of  velocity,  which  is  a  particular  fpecies 
of  extenfion,  and  fufceptible  of  increafe  and  of  di- 
minution* When  any  fubftance  is  tranfported,  that 
is,  when  it  paffes  from  one  place  to  another,  wc  af- 
cribe  to  it  a  velocity.  Let  two  perfons,  the  one  on 
horfeback,  the  other  on  foot,  proceed  from  Berlin  to 
Magdeburg,  we  have,  in  both  cafes,  the  idea  of  a 
certain  velocity ;  but  it  will  be  immediately  affirmed, 
that  the  velocity  of  the  former  exceeds  that  of  the 
latter.    The  queftion  then  is,  Wherein  confifts  the 

(which  are  with  great  propriety  omitted  by  the  philofophic  French 
editor  of  the  work,  twenty-feven  years  afterwards)  and  who  is  now 
crowning  with  fucceft  the  arms  in  which  we  are  Jo  deeply  interefted. 
This  is,  no  doubt,  a  dreadful  "  falling  off"  from  the  majefty  of 
the  fubje&.  Who  cares  now  about  the  fuccefs  of  the  Prulfian 
arms  in  1760?  But  philosophers,  as  well  as  other  men,  are  under 
the  dominion  of  local  and  temporary  circumftances.  Frederick  II. 
was  then  in  the  zenith  of  his  glory ;  Euler  was  living  at  Berlin, 
and  giving  leflbns  in  philofophy  to  the  niece  pf  that  illuftrious 
prince*  Is  it  to  be  wondered,  then,  that  he  fhould  link  for  a  mo* 
ment  into  the  courtier,  and  offer  a  drachm  of  incenfe  to  a  great 
lady  ;  or,  that  a  foul  fb  uniformly  devout,  fhould  acknowledge  the 
providence  of  (he  Almighty  in  a  particular  inftance? 
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difference  which  we  obferve  between  thefe  feveral 
degrees  of  velocity  ?  The  road  is  the  fame  to  him 
who  rides  and  to  him  who  walks :  but  the  difference 
evidently  lies  in  the  time  which  each  employs  in  per- 
forming  the  fame  courfe.  The  velocity  of  the  horfe- 
man  is  the  greater  of  the  two,  as  he  employs  lefs 
time  on  the  road  from  Berlin  to  Magdeburg ;  and 
the  velocity  of  the  other  is  lefs,  becaufc  he  employs 
more  time  in  travelling  the  fame  diftance.  Hence  it 
is  clear,  that  in  order  to  form  an  accurate  idea  of  vei 
locity,  we  muft  attend  at  once  to  two  kinds  of  quan«i 
tity,  namely,  to  the  length  of  the  road,  and  to  the 
time  employed.  A  body,  therefore,  which  in  the 
feme  time  paffes  through  double  the  fpace  which  an-? 
other  body  does,  has  double  its  velocity ;  if,  in  the 
fame  time,  it  paffes  through  thrice  the  diftance,  it  is 
faid  to  have  thrice  the  velocity,  and  fo  on.  We  fhali 
comprehend,  then,  the  velocity  of  a  body,  when  we 
are  informed  of  the  fpace  through  which  it  paffes/  in 
a  certain  quantity  of  time.  In  order  to  know  the 
velocity  of  my  pace,  when  I  walk  to  Lytzow,*  I  have 
obferved  that  I  make  120  fteps  in  a  minute,  and  one 
of  my  fteps  is  equal  to  two  feet  and  a  half.  My  ve- 
locity, then,  is  fuch,  as  to  carry  me  306  feet  in  a 
minute,  and  a  fpace  fixty  times  greater,  or  18,000 
feet  in  an  hour,  which  however  does  not  amount  to 
a  mile,  for  this,  being  24,000  feet,  would  require  an 
hour  and  20  minutes.  Were  I,  therefore, -to  walk 
from  hence  to  Magdeburg,  it  would  take  exactly  24 
hours.    This  conveys  an  accurate  idea  of  the  yelo-? 

*  A* Village  afcoiit  a  league  ftoift  Berlni. 

;.,/..-:  .  *  city 
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city  with  which  I  am  able  to  walk.  Now  it  is  eafy' 
to  comprehend  what  is  meant  by  a  greater  or  lefs  ve- 
locity. For  if  a  courier  were  to  go  from  hence  to 
Magdeburg  in  1 2  hours,  his  velocity  would  be  the 
double  of  mine :  if  he  went  in  eight  hours,  his  ve- 
♦  locity  would  be  triple.  We  remark  a  very  great  dif- 
ference in  the  degrees  of  velocity.  The  tortoife  fur- 
nifhes  an  example  of"  a  velocity  extremely  fmall.  If 
fhe  advances  only  one  foot  in  a  minute,  her  velocity 
is  300  times  lefs  than  mine,  for  I  advance  300  feet  ifi 
the  fame  time.  We  are  likewife  acquainted  with  Ve* 
locities  much  greater.  That  of  the  .wind  admits  of 
great  Variation.  A  moderate  wind  gofcs  at  the  rati 
of  1  o  feet  in  a  fecond,  or  600  feet  in  a  minute ;  itj 
velocity  therefore  is  the  double  of  mine.  A  wind 
that  runs  20  feet  in  a  fecond,  or  1200  in  a  mimite,i& 
rather  ftrong ;  and  a  wind  which -flies- at  the  rate  of 
50  feet  in  a  fecond  is  extremely  violent,  though  itfc 
velocity  is  only  10  times  greater  than  mine,  aiid 
would  take  two  hours  and  twenty-four  minutes  td 

blow  from  hence  to  Magdeburg*  ■  * 

...  * 

The  velocity  of  found  eomes  next,  which  moves 
1000  feet*  in  a  fecond,  aftd  60,000  in  a  minute. 
This  velocity,  therefore,  is  200  times  greater  than 
that  of  my  pace  j  and  were  a  cannon  to  be  fired  at 
Magdeburg,  if  the  report  could  be  heard  at  Berlin,  it 

*  The  velocity  of  found  is  generally  computed  at  1,142. feet 
each  fecond,  but  varies  with  the  elafticity  and  denfity  of  the  air. 
The  earth  travels  in  her  orbit  1,612,000  miles  in  the  fpace  of  24 
hours,  and  therefore  with  a  velocity  more  than  50  times  greater 
than  that  of  a  cannon  ball.  Light  moves  about  13  millions  of 
miles  eygry  minute, 

B'4  would 
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would  arrive  there  in  feyen  minutes.  A  cannon  ball 
moves  with  nearly  the  fame  velocity ;  but  when  thq 
piece  is  loaded  to  the  utmoft,  the  ball  is  fuppofed  ca« 
pable  of  flying  % ,000  feet  in  a  fecond,  or  1 30,000  in 
a  minute.  This  velocity  appears  prodigious,  though 
it  is  only  400  times  greater  than  that  of  my  pace  in 
walking  to  Lytzow;  it  is  at  the  fame  time  the 
greateft  velocity  known  upon  earth.  But  there  are 
in  the  heavens  velocities  far  greater,  though  their 
motion  appears  to  be  extremely  deliberate.  You 
know  that  the  earth  turns  round  on  it's  axis  in  24 
hours :  every  point  of  it's  furface,  then,  under  the 
equator,  moves  5,490  miles*  in  24  hours,  while  I 
am  able  to  get  through  only  1 8  miles.f  Jt's  velocity 
is  accordingly  300  times  greater  than  mine,  and  lefe 
notwithstanding  than  the  greateft  poflible  velocity  of 
a  cannon  b^Jl.  The  earth  performs  it's  revolution 
round  the  fun  in  the  fpace  of  a  year,  proceeding  at 
the  rate  of  128,250  milesj  in  24hour§.  It's  yelp- 
City,  therefore,  is  1 8  times  more  rapid  than  that  of 
a  cannon  ball.  The  greateft  velocity  of  which  we 
have  any  knowledge  is,  undoiibtedly,  that  of  light, 
which  moves  2,900,900  of  miles  §  every  minute,  an$ 
exceeds  the  velocity  of  a  cannon  ball  400,099  times* 

22d  April,  ij6o< 

*  24,840  Englifh  milcjf  f  About  83  Englifh, 

£  589,950  Englifh,  §  9,200,000  miles  Englifh. 
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LETTER  HI. 

Of  Sound j  and  its  Velocity. 

THE  elucidations  of  the  different  degrees  of  ve- 
locity* which  I  have  had  the  honour  to  lay  be- 
fore your  Highnefs,  carry  me  forward  to  the  exami- 
nation of  found,  or  noife  in  general.  It  muft  be 
remarked,  that  a  certain  portion  of  time  always  in- 
tervenes before  found  can  reach  our  ears,  and  that 
this  time  is  longer  in  proportion  to  our  diftance  from 
the  place  where  the  found  is  produced  j  a  fecond  of 
time  being  requifite  to  cojivey  found  1000  feet. 

Wheji  a  cannon  is  fired,  thofe  who  are  at  a  dif- 
tance do  not  hear  the  report  for  fome  time  after 
they  have  feen  the  flafli.  Thofe  who  are  a  mile,  or 
24,090  feet  diftanf,  hear  not  the  report  till  24  fe- 
iconds  after  they  faw  the  flame*  You  muft  no  doubt 
have  frequently  remarked,  that  the  noife  of  thunder 
reaches  not  the  ear  for  fome  time  after  the  lightning: 
and  it  is  by  this  we  are  enabled  to  calculate  our  dif- 
tance fyom  the  place  where  the  thunder  is  generated. 
If,  for  example,  we  obferve  that  20  feconds  intervene 
between  the  flafli  and  the  thunder-clap,  we  may  con- 
dude  that  the  feat  of  the  thunder  is  20,000  feet 
diftant,  allowing  1 000  feet  of  diftance  for  every  fe- 
cond of  time?  This  primary  property  leads  us  to 
inquire,  In  what  found  confifts  ?  Whether  it's  nature 
]is  fimilar  to  that  of  fmell,  that  is,  whether  found 
jffues  from  the  body  which  produces  it,  as  fmell  is 

emitted 
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eihitted  from  the  flower,  by  filling  the  air  with  fub- 
tile  exhalations,  proper  to  affe&  our  fenfe  of  fmell- 
ing.  This  opinion  was  formerly  entertained,  but  it 
is, now  demonftrated,  that  from  a  bell  ftruck  nothing 
proceeds  that  is  conveyed  to  our  ear,  and  that  the 
body  which  produces  found  lofes  no  part  of  it's  fub* 
ftance.  When  we  look  upon  a  bell  that  is  ftruck,  or 
the  ftring  of  an  inftrujnent  when  touched,  we  per- 
ceive that  thefe  bodies  are  then  in  a  ftate  of  trem- 
bling, or  agitation,  by  which  all  their  parts  are  af- 
fefted ;  and  that  all  bodies,  fufceptible  of  fuch  an 
agitation  of  their  parts,  likewife  produce  found. 
Thefe  flhakings  or  vibrations  are  vifible  in  the  ftring 
of  an  inftrument  when  it  is  not  too  fmall ;  the  tenfe 
ftring  A  C  B  pafles  alternately  into  the  fituation 
A  M  B  and  A  N  B,  (See  plate  L  jig>  i .  in  which  I 
have  reprefented  thefe  vibrations  much  more  ebvious  to 
fenfe  than  they  are  in  fdft.)  It  muft  be  further  ob- 
ferved,  that  thefe  vibrations  put  the  adjacent  air  into 
a  fimilar  vibration,  which  is  fucceffively  communi- 
cated to  the  more  remote  parts  of  the  air,  till  it  come 
at  length  to  ftrike  our  organ  of  hearing.  It  is  the 
air,  then,  which  receives  thefe  vibrations,  and  which 
tranfmits  the  found  to  our  ear.  Hence  it  is  evident, 
that  the  perception  of  found  is  nothing  elfe  but  the 
impreflion  made  on  our  ear  by  the  concuffion  of  the 
air,  communicated  to  us  through  the  organ  of  hear* 
ing ;  and  when  we  hear  the  found  of  a  ftring  touch- 
ed, our  ear  receives  from  the  air  as  many  ftrokes  as 
the  ftring  performs  vibrations  in  the  fame  timei 
Thus,  if  the  ftring  performs  i  oo  vibrations  in  a  fe-« 

cond, 
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eond,  the  «ar  likewife  receitres  ico  ftrokes  in  the 
fame  time ;  and  the  perception  of  thefe  ftrokes  ift 
what  we  call  found.  When  thefe  ftrokes  fucceed 
each  6ther  uniformly,  or  when  their  intervals  are  aH 
equal,  the  found  is  regular,  and  fuch  as  is  requiiite  to 
mufic.  But  when  the  ftrokes  fucceed  unequally,  or 
when  their  intervals  are  unequal  among  themfelve&, 
an  irregular  noife,  incompatible  with  mufic,  is  the 
refult.  On  confidering  fomewhat  more  attentively 
the  mufical  founds,  whofe  vibrations  take  place 
equally,  I  *ettiark  firft,  that  when  the  vibrations,  as 
well  as  the  ftrokes  impreffed  on  the  ear,  are  more  or 
lefs  ftrong,  no  other  difference  of  found  refults  from 
it,  but  that  of  ftronger  or  weaker,  which  produces 
the  diftinction,  termed  by  muficians,yor^  &f  piano. 
But  there  is  a  difference  much  more  effential,  when 
the  vibrations  are  more  or  lefs  rapid,  that  is,  when 
.jnore  or  fewer  of  ,them  are  performed  in  a  feconcL 
When  one  fixing  makes  ioo 'Vibrations  in  a  fecond, 
and  another  firing  makes  200  vibrations  in  the  fame 
time,  their!  founds  are  effentially  different ;  the  for- 
mer is  lower  or  more  flat,  and  the  other  higher  or 
more  ftiarp.  Such  is  the  real  difference  between  the 
flat  and  ftiarp  founds,  on  which  all  mufic  hinges,  and 
which  teaches  how  to  combine  founds  different  in 
refpeft  of  flatnefs  and  fliarpnefs,  but  in  fuch  a  man- 
ner as  to  produce  an  agreeable  harmony.  In  the 
flat  founds  there  are  fewer  vibrations  in  the  fame 
time  than  in  the  fharp  founds ;  and  every  key  of  the 
harpfichord  contains  a  certain  and  determinate  num- 
ber of  vibrations,  which  are  completed  in  a  fecond* 

Thus 
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Thus  the  note  marked  by  the  letter  C,#  makes 
nearly  ioo  vibrations  in  a  fecond;  and  the  note 
marked  f  makes  1 600  vibrations  in  the  fame  fpace 
of  time.  A  firing  which  vibrates  1 00  times  in  a  fe- 
cond,  will  give  precifely  the  note  C ;  and  if  it  vi- 
brated only  50  times,  the  note  would  be  lower  or 
more  flat.  But  with  regard  to  our  ear,  there  are 
certain  limits  beyond  which  found  is  no  longer  per- 
ceptible. It  would  appear  that  we  are  incapable  of 
determining  either  the  found  of  a  firing  which  makes 
Jefs  than  30  vibrations  in  a  fecond,  becaufe  it  is  too 
low ;  or  that  of  a  firing  which  would  make  more 
than  7552  in  a  fecond,  becaufe  fuch  a  note  would  be 
too  high. 

*bth  April,  1760. 

•  The  note  C  is  that  which  is  produced  by  touching  the  thick- 

eft  ftring  of  a  violoncello ;  the  note  c  is  the  fourth  octave  of  the 
firft;  accordingly,  thefe  two  notes,  reprefented  by  the  ufual  me» 
thod  of  pricking  mufic,  are 


Mr.  Euler  marks  the  progreflion  of  octaves  thus : 

1ft  otiave,  2d  oltave,  3d  ©ttave,        4th  o£tave, 

C,  or  or.  c.  c  c  c 

and  in  like  manner  for  the  other  notes  of  the  gamut;  D.  E.  F< 

G.  A.  B.  or  re,  mi>fa,fot,  la,Ji. 

In  writing  the  chromatic  fcale,  he  employs  the  following  figns : 

C  Cs,     D,    Ds,    E,    F,    Fs,    G,    Gs,    A,    B,    H,    o 
fit,  ut$,    re,     re*,  mi,  fa,  fa%,  fol,  film,    k,  fi\>,  /*,    tit. 
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LETTER  IV. 

Of  Confonance  and  Diffonance. 

T  RESUME  my  remark,  that  on  hearing  a  fimplc 
•**  mufical  found,  our  ear  is  {truck  with  a  feries  of 
ftrokes  equally  diftant  from  each  other,  the  frequency 
and  number  of  which,  in  a  given  fpace  of  time,  con* 
ftitute  the  difference  which  fubfifts  between  low  notes 
and  high :  fo  that,  the  fmaller  the  number  of  vibra- 
tions or  ftrokes  produced  in  a  given  time,  fay  a  fe- 
cond,  the  lower  we  eftimate  that  note;  and  the 
greater  the  number  of  fuch  vibrations,  the  higher  is 
the  note.  The  perception  of  a  fimple  mufical  found 
may,  therefore,  be  compared  to  a  feries  of  dots  equi- 
diftant  from  each  other,  as If  the  in- 
tervals between  thefe  dots  be  greater  or  fmaller,  the 
found  produced  will  be  lower  or  higher*  It  cannot 
be  doubted,  that  the  perception  of  a  fimple  found  is 
fomewhat  fimilar  or  analogous  to  the  fight  of  fuch  a 
feries  of  dots  equidiftant  from  each  other :  we  are 
enabled  thus  to  reprefent  to  the  eye  what  the  ear 
perceives  on  hearing  found.  If  the  diftances  between 
the  dots  were  not  equal,  or  were  thefe  dots  fcattered 
about  confufedly,  they  would  be  a  reprefentation  of 
a  confufed  noife,  inconfiftent  with  harmony.  This 
being  laid  down,  let  us  confider  what  effeft  two 
founds  emitted  at  once  muft  produce  on  the  ear. 
Firft,  it  is  evident,  that  if  two  founds  are  equal,  or 
if  each  performs  the  fame  number  of  vibrations  in 

the 
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the  lame  time,  tlie  ear  will  be  affefted  in  the  very 
fame  manner  as  by  a  fingle  note ;  and,  in  mufic,  thefe 
two  notes  are  faid  to  be  in  unifon,  which  is  the 
fimpleft  accord  t  we  mean  by  the  term  accord  the 
blending  of  two  or  more  founds  heard  at  once.  But 
if  two  founds  differ  in  refped  of  low  and  high,  we 
lhaU  perceive  a  mixture  of  two  feries  of  ftrokes,  in 
each  of  which  the  intervals  are  equal  among  them* 
felves,  but  greater  in  the  one  than  in  the  other ;  the 
greater  intervals  correfponding  to  the  lower  note, 
and  the  finalier  to  the  higher.  This  mixture,  or  this 
accord  of  two  notes,  may  be  reprefented  to  the  eyes 
by  two  feries  of  dots  arranged  on  two  lines  A  B  and 
CD; 

i     2  .■  3    4    5    6    7     8     9     10  ii 

A B 

C D 

123  456789  10  11  12 
and  in  order  to  form  a  juft  idea  of  thefe  two  feries, 
we  muft  have  a  clear  perception  of  the  order  which 
fubfifls  among  them,  or,  in  other  words,  of  the  rela- 
.  tion  between  the  intervals  of  the  one  line  and  of  the 
other.  Having  numbered  and  marked  the  dots  of 
each  line,  and  placed  No.  1.  under  No.  1 ;  thofe 
marked  with  the  figure  2,  will  not  exaftly  corre* 
fpond,  and  ftill  lefs  thofe  marked  3 :  but  we  find 
No.  1 1  exafdy  over  No  1 2  :  from  which  we  difcover 
that  the  higher  note  makes  1 2  vibrations,  and  the 
other  only  11.  If  we  had  not  affixed  the  figures, 
the  eye  would  hardly  have  perceived  this  order ;  it 
is  the  fame  with  the  ear,  which  would  with  much 

difficulty 
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difficulty  have  traced  it  in  the  two  notes  which  I 
have  jreprefcnted  by  two  rows  of  dots.  But  in  the 
following  figure, 


you  difcoyer  at  the  firft  glance  that  the  upper  line 
contains  twice  as  many  dots  as  the  under,  or  that 
the  intervals  in  the  under  line  are  twice  as  great 
as  thofe  of  the  upper.  This  is  undoubtedly,  next 
to  unifon,  the  fimpleft  of  all  cafes,  in  which  you  can 
at  once  difcover  the  order  which  fubiifts  between 
thefe  two  feries  of  dots ;  and  the  fame  thing  holds 
with  refpeft  to  the  two  notes  reprefented  by  thefe 
two  lines  of  dots :  the  number  of  vibrations  con- 
tained in  the  one  will  be  precifely  the  double  of  the 
vibrations  contained  in  the  other,  and  the  car  will 
cafily  perceive  the  pleafing  relation  of  thefe  two 
founds  i  whereas,  in  the  preceding  cafe,  it  was  ex- 
tremely difficult,  if  not  impoffible,  to  difcriminate. 
When  the  ear  readily  difcovers  the  relation  fubfifting 
between  two  notes,  their  accord  is  denominated  con- 
finance :  and  if  it  be  very  difficult,  or  even  impoffible 
to  catch  this  relation,  the  accord  is  termed  diffbnance* 
The  fimpleft  confonancc,  then,  is  that  in  which  the 
high  note  produces  precifely  twice  as  many  vibra- 
tions as  the  low  note.  v  This  confonance,  in  the  lan- 
guage of  mufic,  is  called  oftave :  every  one  knows 
what  it  means  j  and  two  notes  which  differ  precifely 
an  o&ave,  harmonize  fo  perfe&ly,  and  poffefs  fuch  a 
complete  refemblance,  that  muficians  mark  them  by 
the  (ajne  letters.  '  Hence  it  is  that  in  church-mufic 

the 
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the  women  fing  £ii  oftave  higher  than  the  men,  and 
yet  imagine  they  are  uttering  the  faine  founds.  You 
may  eafily  afcertain  the  truth  of  this  by  touching  the 
keys  of  a  harpfichord,  when  you  will  perceive  with 
pleafure  the  delightful  accord  of  all  the  notes  which 
are  juft  an  o&ave  diftant,  whereas  any  other  two 
notes  whatever  will  ftrike  the  ear  lefs  agreeably* 

a.gtk  April,  1 760* 

1 

LETTER  V. 

Of  Unifon  and  Oftaves. 

X^OUR  Highnefs  has  by  this  time  remarked,  that 
*     the  accord  which  muficians  call  art  oftave, 
ftrikcs  the  ear  in  a  manner  fo  decided,  that  the 
flightcft  deviation  is  eafily  perceptible.   Thus,  having 
touched  the  Key  marked  F,  that  marked  f,  which  is 
an  o&ave  higher,  is  eafily  attuned  to  it,  by  the  judg- 
ment of  the  ear  only.     If  the  firing  which  is  to  pro- 
duce this  note  be  ever  fo  little  too  high  or  too  low, 
the  ear  is  inftantly  offended,  and  nothing  is  eafier 
than  to  put  the  two  keys  perfeftly  in  tune*    Thus 
we  obferve,  that  in  finging  the  voice  Aides  eafily  from 
one  note  to  another,  which  is  juft  an  o£ave  higher 
or  lower.    But  were  it  required  to  pafs  immediately 
from  the  note  F  to  the  note  d,  for  example,  an  ordi- 
nary finger  might  eafily  fall  into  a  miftake,  unlefs  af- 
filed by  an  inftrument.     Having  fixed  the  note  F, 
it  is  almoft  impoffible  all  at  once  to  make  the  tran- 
fition  to  the  note  d.    What  then  is  the  reafon  of 

this 
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this  difference,  that  it  is  fo  eafy  to  make  note  f  har- 
monize with  note  F,  and  fo  difficult  to  make  note  d 
accord  with  it  ?   The  reafon  is  evident  from  the  re- 
marks already  made :  Jit  is  this,  that  note  F  and  note  f 
.make  an  o&ave,  and  that  the  number  of  vibrations 
of  note  f  is  precifely  double  that  of  note  F.    In  or- 
der to  have  the  perception  of  this  accord,  you  have 
only  to  confider  the  proportion  of  one  to  two,  which, 
as  it  inftantly  ftrikes  the  eye  by  the  reprefentation  of 
the  dots  I  formerly  employed,  affects  the  ear  in  a 
fimilar  manner.     You  will  eafily  comprehend,  then, 
that  the  more  fimple  any  proportion  is,  or  expreffed 
by  fmall  numbers,  the  more  diftin&ly  it  prefents  it- 
felf  to  the  understanding,  and  conveys  to  it  a  fenti* 
ment  of  fatisfa&ion.*     Architefts  likewife  carefully 
attend  to  this  maxim,  as  they  uniformly  employ  in 
their  works  proportions  as  fimple  as  circumftances 
permit.     They  ufually  make  the  height  of  doors  and 
windows  double  the  breadth,  and  endeavour  to  em- 
ploy throughout  proportions  capable  of  being  ex- 
preffed by  fmall  numbers,  becaufe  this  is  obvious  and 
grateful  to  the  understanding.      The  fame    thing 
holds  good  in  mufic :  accords  are  pleafing  only  in  fo 
far  as  the  mind  perceives  the  relation  fubfifting  be- 
tween the  fQunds,  and  this  relation  is  fo  much  more 

*  In  order  to  have  a  clear  conception  of  what  follows,  it  muft 
Ve  recollected,  that  the  terms  relation  and  ratio  are  fynonimous, 
and  that  the  author  is  here  confidering  geometrical  proportion* 
which  confifts  in  the  number  of  times  that  the  firft  term  is  con- 
tained in  the  fccond.— 1\  E. 

Vol.  I.  C  eafily 
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eafity  perceptible,  as  it  is  expreffed  by  finall  number^ 
Now,  next  to  the  relation  of  equality,  which  denotes 
two  founds  in  unifon,  the  ratio  of  two  to  one  is  un- 
doubtedly the  moft  finjple,  and  it  is  this  which  fur- 
nifhes  the  accord  of  an  o&ave :  hence  it  is  evident, 
that  this  accord  poffeffes  many  advantages  above 
every  other  confonance.  Having  thus  explained  the 
accord,  or  interval  of  two  notes  denominated  by  mu- 
ficians  an  oftave,  let  us  Confider  feveral  notes,  as  F, 
f,  r,  \  |  each  of  which  is  an  o&ave  higher  than  the 
one  immediately  preceding :  fince  then  the  interval 
of  F  from  f,  of  f  from  5  of  f  from  f9  of  f  from  ~  is 
an  oftave,  the  interval  of  F  to  f  will  be  a  double  oc- 
tave, that  of  F  to  ?f  a  triple  oftave,  and  that  of  F  to  f 
a  quadruple  o&ave.  Now,  while  note  F  makes  one 
vibration,  note  f  ipakes  two,  note  ?  makes  four* 
note  ?  makes  eight,  and  note  f  makes  fixteen :  hence 

we  fee,  that  as  an  oftave  cof  refponds  in  the  relation 
'of  1  to  2,  a  dotible  oftave  muft  be  in  the  ratio  of 
1  to  4,  a  triple  in  that  of  1  to  8,  and  a  quadruple  in 
that  of  1  to  1 6.  And  the  ratio  of  1  to  4,  not  being 
fo  fimple  as  that  of  1  to  2,  for  it  does  not  fo  readily 
ftrike  the  eye,  a  double  oftave  is  not  fo  eafily  per- 
ceptible to  the  ear  as  a  fingle ;  a  triple  is  ftill  lefs  per- 
ceptible, and  a  quadruple  ftill  milch  lefs  fo.  When, 
therefore,  in  tuning  a  harpfichord,  you  have  fixed  - 
the  note  F,  it  is  not  fo  eafy  to  attune  the  double 
octave  F  as  the  fingle  f ;   it  is  ftill  more  difficult* 

to  attune  the  triple  oftave  f  and  the  quadruple  f 
without  rifing   through  the  intermediate  o&aves.' 

Thefe 
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ITiefe  accords  are  likewife  comprehended  in  the  term 
confonance ;  and  as  that  of  unifon  is  moft  fimple, 
they  may  be  arranged  according  to  the  following 
gradations : 

I.  Degree,  unifon,  indicated  by  the  relation  of  1  to  1. 

II.  Degree,  the  immediate  octave,  in  the  ratio  of  1  to  2. 

III.  Degree,  the  double  octave,  in  that  of  1  to  4. 

IV.  Degree,  the  triple  octave,  in  that  of  1  to  8. 

Vk  Degree,  the  quadruple  octave,  in  that  of  1  to  16. 
VI.  Degree,  the  quintuple  octave,  in  that  of  J.  to  32. 

And  fo  on,  as  long  as  found  is  perceptible.  Such 
are  the  accords  denominated  confonances,  to  the 
knowledge  of  which  we  have  been  thus  far  conduit* 
edj  but  hitherto  we  know  nothing  of  the  other 
fpecies  of  confonance,  and  ftill  lefs  of  the  diffonances 
employed  in  mufic.  Before  I  proceed  to  the  expli- 
cation of  thefe,  I  muft  add  one  remark  refpe&ing  the 
name  o&ave,  given  to  the  interval  of  two  notes,  the 
one  of  which  contains  twice  the  vibrations  contained 
in  the  other.  You  fee  the  reafon  of  it  in  the  prin- 
cipal flops  of  the  harpfichord,  which  rife  by  feven 
degrees  before  you  arrive  at  the  octave  C,  D,  E,  F, 
G,  A,  B,  c,  fo  that  flop  c  is  the  eighth,  reckoning 
C  the  firfL  And  this  divifion  depends  on  a  certain 
feries  of  mufical  intervals,  the  nature  of  which  fhall 
be  unfolded  in  the  following  letters. 

$d  May,  1760. 


Ci  LETTER 
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LETTER  VI. 

Of  other  Confonances. 

TT.  may  be  affirmed,  that  the  relations  of  one  to  2, 
-*■  of  1  to  4,  of  1  to  8,  of  1  to  16,  which  we  have 
hitherto  confidered,  and  which  contain  the  progref- 
fion  of  oftaves,  are  all  formed  by  the  number  2  only; 
fince  4  is  2  times  2 ;  8,  2  times  four ;  16,  two  times  8. 
Were  we  to  admit,  therefore,  the  number  2  alone 
into  mufic,  we  fliould  arrive  at  the  knowledge  of 
only  the  accords  or  confonances  which  muficians  call 
the  fingle,  double,  or  triple  o&ave ;  and  as  the  num- 
.ber  2,  by  its  reduplication,  fufniflies  only  the  num- 
bers 4,  8,  16,  32,  64,  the  one  being  always  double 
the  preceding,  all  other  numbers  would  remain  un^ 
known.  Now,  did  an  inftrument  contain  o&avefc 
only,  as  the  notes  marked  C,  c,  c,  c,  f ,  and  were  all 
others  excluded,  it  could  not  produce  an  agreeable 
ftiufie,  on  account  of  its  too  great  fimplicity.  Let 
Us  introduce,  then,  together  with  number  2,  the 
number  3  likewife,  and  obferve  what  accords  or  con- 
fonances would  be  the  refult.  The  ratio  of  1  to  3 
ptefents  at  once  two  founds,  the  one  of  which  makes 
3  times  more  vibrations  than  the  other  in  the  fame 
time.  This  ratio  is  undoubtedly  the  moft  eafily  to 
be  comprehended,  next  to  that  of  1  to  2 ;  it  will, 
accordingly^  furnifli  very  pleafing  confonances,  but 
of  a  nature  totally  different  from  that  of  o&aves. 
Let  us  fuppofe,  then,  that  in  the  proportion  of  1 

to 
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to  3,  number  i  correfponds  to  note  C ;  fince  note  c  is 
cxpreffed  by  number  2,  number  3  gives  a  found 
higher  than  c,  but  at  the  fame*  time  lower  than  note 
^  which  correfponds  to  number  4,  Now,  the  note 
exprefled  by  3  is  that  to  which  muficians  affix  the 
letter  g,  and  they  denominate  the  interval  from  c  to 
g,  a  fifths  becaufe  in  the  keys  of  a  harpfichord  that 
of  g  is  the  fifth  from  c,  as  c,  d,  e,  f,  g.  If  then 
number  1  produces  the  found  C,  number  2  will  give 
c ;  number  3  gives  g,  number  4  the  note  c  ;  and 
note  g  being  the  o&ave  of  g,  the  number  correfpond- 
iag  to  it  will  be  2  times  3,  or  6.  Riling  ftill  an  oc- 
tave, the  found  |  will  correfpond  to  a  number  twice 
greater,  that  is  1 2.  All  the  notes  with  which  the 
two  numbers  2  and  3  furnifh  us,  indicating  note  G 
by  i,  therefore  are, 

C*  c>  g>  c,   g,   c,   g,     c 
i.  2.  3.  4.  6.  8.  12.  16. 

Hence  it  is  clear,  that  the  ratio  of  1  to  3  exprefles 
an  interval,  compounded  of  an  o&ave  and  a  fifth, 
and  that  this  interval,  on  account  of  the  fimplicity  of 
the  numbers  which  reprefent  it,  muft  be,  next  to  the 
o&ave,  the  moft  grateful  to  the  ear.  Muficians  ac- 
cordingly aflign  the  fecond  rank  among  confonances 
to  the  fifth ;  and'  the  ear  catches  it  fo  eafily,  that; 
there  is  no  difficulty  in  tuning  a  fifth.  For  this  rea* 
fon,  in  violins,  the  four  firings  rife  by  fifths,  the 
loweft  being  g>  the  fecond  3,  the  third  a,  and  the. 
fourth  ?  ;*  and  every  mufician  puts  them,  in  tune 

#  That  isj|  in  the  language  of/o/^ing,  fol,  rc>  la,  mi, 

C3  by 
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by  the  ear  only.     A  fifth,  however,  is  not  fa  eafily 
tuned  as  an  octave ;  but  the  fifth  above  the  oftave, 
as  from  C  to  g,  being  expreffed  by  the  proportion  of 
i  to  3,  is  more  perceptible  than  a  fimple  fifth,  as 
from  C  to  G,  or  from  c  to  g,  which  is  expreffed  by 
the  proportion  of  2  to  ,3  :  and  it  is  likewife  known 
by  experience,  that  having  fixed  the  note  C,  it  i$ 
eafier  to  attune  to  it  the  higher  fifth  g,  than  the 
fimple  G,     If  unity  had  marked  the  note  F,  num- 
ber 3  would  mark  the  note  zt  fo  that, 
F,  f,  ?,   F,  ?,  f,  f,  would  be  marked  by 
1.  2.  3.  4.  6.  8.  12.  where,  from  f  to  c  the  inter- 
val is  a  fifth  in  the  relation  of  2  to  3 ;  from  f  to  c, 
from  7  to  I  are  alfo  fifths,  as  the  ratio  of  4  to  6,  and 

of  8  to  12,  is  the  fame  as  that  of  2  to  3.  For  if  two 
firings  perform,  in  the  fame  time,  the  one  4  vibra- 
tions, the  other  6,  the  former  firing  will  make,  in  a 
time  equal  to  half  the  firft  fpace  of  time,  two  vibra- 
tions, and  the  fecond,  in  the  fame  time,  will  make 
three.  Now  the  founds  emitted  from  thefe  firings 
are  the  fame  in  both  cafes ;  of  confequence  the  re- 
lation of  4  to  6  expreffes  the  fame  interval  as  that  of 
2  to  3,  that  is,  a  fifth.  Hence  we  have  arrived  at  the 
knowledge  of  another  interval  contained  in  the  ratio 
of  3  to  4,  which  is  that  of  c  to  5;  and  confequently 
alfo  of  c  to  f,  or  of  C  to  F.  Muficians  call  it  a  fourth  ; 
and  being  expreffed  by  greater  numbers,  it  is  not  fo 
agreeable,  by  a  great  deal,  as  the  fifth,  and  ftill  lefs  fo 
than  the  oftave.  Number  3  having  furnifhed  us  new 
accords  or  confonances,  namely  the  fifth  and  the 

fourth. 


OF  OTHEIL  CONSONANCES.  2$ 

fourth,  before  we  call  in  any  others,  let  us  take  it 
again  three  times,  in  order  to  have  the  number  9, 
which  will  give  a  higher  note  than  note  3*,  or  z  one 
o&ave  and  one  fifth.  Now,  c  is  the  oftave  of  z,  arid 
g  the  fifth  of  ?;  number  9  then  gives  the  note  £  fo 
that  =    f9  jf  ff  will  be  marked  by 

6.  8.  9.  12 ;  and  if  thefe  notes  be  taken  in  thp 
lower  Q&aves,  the  relations  remaining  the  fame,  we 
IJball  have ; 

-  e      s       2 

C,  F,  G;    c,    f,    g;    c,     f,    g;    c,     f,    gj    e. 

6.   8.  9;    12.  16.  18  ;  24.  32.  36;  48.  64.  72.  96. 
which  leads  us  to  the  knowledge  of  new  intervals. 

The  firft  is  that  of  F  to  G,  contain^d-in  the  ratio 
of  8  to  9,  which  mufician$  call  a  fecond  or  tone.  The 
fecond  is  that  of  G  to  f,  contained  in  the  ratio  of 
9  to  16;  called  a  /event %  and  which  is  one  fecond, 
or  one  tone  lefs  than  an  oftave.  Thefe  proportions, 
l^eing  already  expreffed  by  very  great  numbers,  are 
not  reckoned  among  the  confonances,  and  muficiaps 
call  them  diffbnances  or  dif cords. 

Again,  if  we  take  three  times  the  number  9,  op 
27,  it  will  mark  a  tone  higher  than  c,  and  precifely  a 
fifth  higher  than  g $  it  will  be  accordingly  the  tone 
3,  and  it's  oftave  5  will  correfpond  to  twice  the  num- 
ber 27,  pr  54,  and  it's  double  octave  \  to  twice  the 

,  *  Great  care  muft  be  taken  to  guard  ou Helves  from  affixing  to 
numbers  the  idea  of  a  perfect  identity  with  the  found?  which  tjiey 
reprefent.  The  firft  express  only  the  relation  of  the  number  of 
-vibrations  performed  in  the  fame  time,  by  the  bodies  which,  emit 
the  founds  in  queftion.  There  is  no  real  analogy  between  number 
and  ibund.-r-F.  J?. 

C  4  number, 
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number,  54,  or  108.    Let  us  reprefent  thefe  tones 
fome  o&aves  lower,  in  the  manner  following : 
C,    D,    F,    G\    c,     d,     f,     g,    .c,      3,       ?, 
24,  27,   32,  36;   48,  54,  64,   72;  96,  108,  128, 

*»  C  S  5  3  S 

g>       c,       d,       f,         g;       c. 
144;  192,  216,    236,    288  j    384. 

Hence  we  fee,  that  the  interval  from  D  to  F  is 
contained  in  the  ratio  of  27  to  32,  and  that  of  F  to  d 
in  the  ratio  of  32  to  54,  the  two  terms  of  which 
are  divifible  by  2  ;  and  then  in  place  of  this  relation 
we  have  that  of  16  to  27,  The  firft  interval  is  called 
a  tierce  minor ,  or  lejfer  thirds  and  the  other  a  greater 
Jxtb.  The  number  27  might  be  ftill  farther  multi- 
plied by  3,  but  mufic  extends  not  fo  far,  and  we 
limit  ourfelves  to  number  27,  refulting  from  3,  mul- 
tiplied three  times  by  itfelf :  other  mufical  tones  ftill 
wanting  are  introduced  by  means  of  number  5,  and 
fhall  be  unfolded  in  my  next  Letter. 

$dMayt  1760. 

LETTER  VIL 

Of  the  twelve  Tones  of  the  Harpjichord. 

'TPHE  prefent  fubjeft  of  my  correfpondence  with 
•*■  your  Highnefs  is  fo  dry,  that  I  begin  to  appre- 
hend it  may  be  growing  tirefome.  That  I  may  not 
wafte  too  much  time  on  it,  and  be  relieved  from  the 
neceffity  of  recurring  frequently  to  a  topic  fo  dif- 

gufting, 
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gufting,  I  fend  you  by  this  conveyance  three  letters 
at  once.  My  intention,  in  undertaking  it,  was  to 
render  vifible  the  real  origin  of  mufical  notes,  with 
which  muficians  themfelves  are  almoft  totally  unac- 
quainted. It  is  not  to  theory  they  are  indebted  for 
the  knowledge  of  all  thefe  founds ;  but  rather  to  the 
fecret  power  of  genuine  harmony,  operating  fo  efEU 
cacioufly  on  their  ears,  that  they  have  been  conftrain-* 
ed,  if  I  may  be  allowed  to  lay  it,  to  receive  tones 
a&ually  in  ufe,  though  they  are  not  hitherto  perfe&ly 
agreed  refpe&ing  their  juft  determination.  The 
principles  of  harmony  are  ultimately  reducible  to 
numbers,*  as  I  have  demonftrated ;  and  it  has  been 
remarked,  that  the  number  2  furnifhes  octaves  only, 
fo  that  having  fixed,  for  example,  the  note  F,  we  are 
conduced  to  the  notes  f,  7  ?  |  The  number  3  after- 
wards furnifhes  C,  ,.  -  ?  ,?  which  differ  one  fifth 

from  the  preceding  feries ;  and  the  repetition  of  this 
fame  number  3,  furnifhes  again  the  fifths  of  the  firft, 
namely  G,  g<  - ?  ^  ~ .  and  finally,  the  third  repetition 
of  this  number  3  adds  farther  the  notes  D,  dj  ^  f  % 
The  principles  of  harmony  then  being  attached  to 
fimplicity,  feeip  to  forbid  our  pufhing  farther  the 

*  This  is  true  only  to  a  certain  degree ;  for,  if  we  except  the 

'knowledge  of  the  relation  of  notes,  or  the  numerical  exprefiion  of 

intervals,  numbers  cannot  be  introduced  into  mufic,  as  Mr.  d'  Alem- 

■ 

bert  has  juftly  remarked,  but  as  a  piece  of  ufelcfs  parade;  and 
the  fcanty  knowledge  they  furnifli  is  far  (hort  of  the  theory  of 
compofition,  which  is  founded  on  the  pleafure  of  the  ear,  and  hi- 
therto no  one  has  attempted  to  make  this  a  fubjedfc  of  calculation. 
— F.  E. 

repetition 
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•repetition  of  number  3  ;  hitherto,  accordingly,  we 
have  only  the  following  notes  for*  each  o&ave : 
F.   G.  0    d.     f. 

16.  18.  24.  27.  32.  which  certainly  would  not  fur- 
nifli  a  very  copious  mufic.  But  let  us  introduce,  in 
addition  to  thefe,  number  5,  and  obferve  the  tone 
which  fhall  emit  five  vibrations  while  F  emits  only 
one.  Now,  f  makes  two  vibrations  in  the  fame  time ; 
r  makes  four ;  and  c  fix.  The  note  in  queftion  then, 
is  between  ?  and  ? .  It  is  that  which  muficians  indi- 
cate by  letter  £,  the  accord  of  which,  with  note  ?,  is 
denominated  a  greater  third,  and  is  found  to  produce 
a  very  agreeable  concord,  being  expreffed  by  the  very 
iimple  ratio  of  4  to  5.  Farther,  note  .a  with  note  c 
produces  an  accord  contained  in  the  ratio  of  5  to  6, 
which  is  almoft  as  agreeable  as  the  former,  and  which. 
is  denominated  a  kffer  thirds  reprefented  by  the  ratio 
of  27  to  32,  and  it's  difference  from  the  firft  is  almoft 
imperceptible  to  the  ear.  This  fame  number  5  being 
applied  to  the  other  notes  G,  c,  d,  will  give  us,  in 
like  manner,  their  greater  thirds,  taken  in  the  fecond 
octave  below,  that  is  to  fay,  the  notes  b,  e,  and  F,  which, 
being  tranfpofed,  will  give  the  following  notes,  with 
their  correfponding  numbers. 

F.      Fs.      G.      A.      B.       c.       d,       e,       f, 
128.    135.'  144.  160.  180.  192.  216.  240,   256, 

Take  away  the  notes  Fs,  and  you  will  have  the 
principal  touches  of  the  harpfichord,  which,  according 
to  the  ancients,  conftitute  the  genus  denominated 
diatonic,  refulting  from  number  2,  from  number  3, 
thrice  repeated,  and  from  number  5.     Admitting 

thefe 
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thefe  founds  only,  we  are  in  a  condition  to  compofe 
harmonies  very  agreeable  and  various,  the  beauty  of 
which  is  founded  on  the  fimplicity  alone  of  the  num- 
bers correfponding  to  the  notes.  Finally,  upon  ap- 
plying, a  fecond  time,  the  number  5,  we  fhall  be  fur- 
niftied  with  the  thirds  of  the  four  new  tones,  A,  E, 
B,  Fs,  which  we  have  juft  found,  we  fhall  have  the 
notes  Cs  Gs  Ds  and  B,  fo  that  now  the  o&ave  is 
completed  of  the  1 2  tones  received  in  mufic.  All 
thefe  tones  derive  their  origin  from  the  three  num- 
bers 2,  3,  and  5,  multiplying  2  by  itfelf,  as  often  as 
the  o&aves  require ;  but  we  carry  the  multiplication 
of  3  only  to  the  third  ftage,  and  of  five  to  the  fe- 
cond. All  the  tones  of  the  firft  oftave  are  contained 
in  the  following  table,  in  which  you  will  fee  how  the 
fundamental  nuipbers  2,  3,  and  5,  enter  into  the 
compofition  of  thofe  which  exprefs  the  relation  of 
fiiefe  notes. 


ut  or  C 
ut  2  Cs 
re     D 
res  Ds 
mi     E 
fa      F 
fas  Fs 
fol    G 
fol  s  Gs 
la       A 
fi  b.  Bb 
fin   B* 
ut     c 


2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
2 

2 


2 

2 
2 

3 
2 

2 

2 

2 

2 

2 

3 
2 

2 


2 
2 
2 

3 

2 

3 

1 

2 
2 

3 
2 

2 


2 
2 
2 

5 
2 

2 

3 

2 

3 
2 

5 
2 


2*  2,  2,  3  •  •  • 
5»  5 

3»  3»  3-  '•  •  •  • 

5 

2>  3>  5 

^,    ^,    ^*,    <£,    ^w  •     • 

3*5 

25  2>  3'  3  •  •  • 
5>  5 

2,  2,  2,  5    •    •    • 

5 •  • 

3*3*5 

2j  2»  2>  3>  3  •  * 


384 
400 

43  2 

45° 
480 

512 
54° 

576 
600 

640 

675 

720 

768 


Difference. 

16 

32 
18 

3° 

32 
28 

36 
24 

40 

35 
45 
48 


While 
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While  potc  C  makes  384  vibrations,  the  tone  Cs 
gives  400,  and  the  others  as  many  as  are  marked  by 
their  correfponding  numbers :  note  c  will  give  then, 
in  the  fame  time,  double  the  number  of  vibrations 
marked  by  384,  that  is  768.  And  for  the  following 
o&aves,  you  have  only  to  multiply  thefe  numbers 
by  2,  by  4,  or  by  8.  Accordingly  note  ?  will  give 
twice, 768,  or  1536  vibrations,  notec  twice  1536, 
or  3072  vibrations,  and  note  f  twice  3072,  or  6144 
vibrations.  In  order  to  comprehend  the  formation 
of  founds,  by  means  of  thefe  numbers  2,  3,  ^nd  5* 
k  muft  be  remarked,  that  the  points  placed  between 
the  numbers  in  the  preceding  table  fignify  that  they 
are  multiplied  into  each  other ;  thus,  taking  the  tone 
Fs,  for  example,  the  expreffion  2,  2,  3, 3,  3,  5,  figni- 
fies  2  multiplied  by  2,  that  product  by  3,  that  again 
by  3,  that  again  by  3,  and  that  by  5.  Now  2  by  s2 
make  4,  that  by  3  make  1 2,  that  by  3  make  36,  that 
by  3  make  108,  and  that  by  5  make  540.  Hence  it 
is  feen  that  the  differences  between  thefe  tones  are 
not  equal  among  themfelves;  but  that  fome  are 
greater*  and  others  lefs.  This  is  what  real  harmony 
requires.  The  inequality,  however,  not  being  con- 
fiderable,  we  commonly  look  on  all  thefe  differences 
as  equal,  denominating  the  interval  from  one  note 
to  another,  femitone  ;  and  thus  the  oftave  is  divided 
into  1 2  femitones.  Many  modern  muficians  make 
them  equal,  though  this  be  contrary  to  the  principles 
of  harmony,  becaufe  no  one  fifth  or  third  is  perfectly 
exact,  znd  the  effeft  is  the  fame  as  if  thefe  tones  were 

not 
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not  perfe&ly  in  tunc*  TKey  likewife  admit,  that 
we  muft  give  up  exactnefs  of  accord  in  order  to  ob- 
tain the  advantage  of  equality  of  femitones,  fo  that 
the  tranfpofition  from  any  one  tone  whatever  to 
another  may  in  no  refpeft  injure  the  melody.  They 
acknowledge,  however,  that  the  fame  piece  played 
in  the  tone  C,  or  a  half  tone  higher,  that  is  Cs,  muft 
confideraUy  affeft  it's  nature.  It  is  evident,  there- 
fore, that  in  faft  all  femitones  are  not  equal,  what- 
ever efforts  may  be  made  by  muficians  to  render  them 
iiich ;  becaufe  true  harmony  refifts  the  execution  of 
a  defign  contradictory  to  it's  nature.  Such,  then,  is 
the  real  origin  of  the  mufical  notes  already  in  ufe ; 
they  are  derived  from  the  numbers  2,  3,  and  5. 
Were  we  farther  to  introduce  number  7,  that  of  the 
tones  of  an  octave  would  be  increafed,  and  the  art  of 
mufic  carried  to  a  higher  degree  of  perfection.  But 
here  the  mathematician  gives  up  the  mufician  to  the 
direction  of  his  ear* 

^d  May,  1760. 

1 

*  The  alteration  thus  forced  upon  the  fifths,  in  order  that  every 
key  of  the  harpfichord  may  ferve  equally  for  the  higher  note  flat- 
tened, and  for  the  lower  (harpened,  and  that,  at  the  end  of  the 
fubdivifion,  the  octaves  may  be  exa&,  is  called  temperament.  It 
has  been  remarked  that  fifths  may  be  a  little  weakened  without 
hurting  the  ear  very  much  ;  whereas  greater  thirds  become  harfii 
2nd  difkgreeable  when  they  are  ftrengthehed,— F.  £• 


LETTER 
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LETTER  VIII. 

Of  the  Pleafure  derived from  fine  Mufic. 

TT  is  a  queftion  as  important  as  curious,  Whence  is 
•**  it  that  a  fine  piece  of  mufic  excites  a  fentiment 
of  pleafure  ?  The  learned  differ  on  this  fubjecl.  Some 
pretend  that  it  is  mere  caprice,  and  that  the  pleafure 
produced  by  mufic  is  not  founded  on  re&fon,  becaufe 
what  is  gratefiil  to  one  is  difgufting  to  another. 
This,  far  from  deciding  the  queftion,  renders  it  only 
more  complicated.  The  very  point  to  be  determined 
is,  How  comes  it,  that  the .  fame  piece  of  mufic  pro* 
duces  effe&s  fo  different,  feeing  all  admit  that  no- 
thing happens  without  reafon  ?  Others  maintain  that 
the  pleafure  derived  from  fine  mufic  confifts  in  the 
perception  of  the  order  which  pervades  it.  This 
opinion  appears  at  firft  fight  fufficiently  well  founded* 
and  merits  a  more  attentive  examination.  Mufic 
prefents  objefts  of  two  kinds,  in  which  order  is  ef- 
fential.  The  one  relates  to  the  difference  of  the  fharp 
or  flat  tones ;  and  you  will  recolle&j,  that  it  confifts 
in  the  number  of  vibrations  performed  by  each  note 
in  the  fame  time.  This  difFerence,-which  is  percep- 
tible  between  the  quicknefs  of  the  vibrations  of  all 
founds,  is  what  is  properly  called  harmony.  The 
effect  of  a  piece  of  mufic,  of  which  we  feel  the  rela- 
tions of  the  vibrations  of  all  the  notes  that  compofe 
it,  is  the  produftion  of  harmony.  Thus  two  notes 
which  differ  an  o&ave,  excite  a  perception  of  the  re- 
lation 
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lation  of  i  to  2 ;  a  fifth,  of  that  of  2  to  3  ;  and  a 
greater  third,  of  that  of  4  to  5.  We  comprehend 
then  the  order  which  is  found  in  harmony,  when  we 
know  all  the  relations  which  pervade  the  notes  of 
which  it  is  compofed,  and  it  is  the  perception  of  the 
ear  which  leads  to  this  knowledge.  This  perception 
more  or  lefs  delicate,  determines  why  the  fame  har- 
mony is  felt  by  one,  and  not  at  all  by  another,  efpe* 
daily  when  the  relations  of  the  notes  are  expreffed 
by  fomewhat  greater  numbers.  Mufic  contains,  be- 
fide  harmony,  another  object  equally  fufceptible  of 
order,  namely  the  meafure^  by  which  we  affign  to 
every  note  a  certain  duration :  and  the  perception 
of  the  meafure  confifts  in  the  knowledge  of  this  du- 
ration, and  of  the  relations  which  refult  from  it. 
The  drum  and  tymbal  furnifh  the  example  of  a  mu- 
fic in  which  meafure  alone  takes  place,  as  all  the  notes 
are  equal  among  themfelves,  and  then  there  is  no* 
harmony.  There  is  likewife  a  mufic  confifting  wholly 
in  harmony,  to  the  exclufion  of  meafure.  This  mu- 
fic is  the  choral^  in  which  all  the  notes  are  of  the  fame 
duration;  but  perfect  mufic  unites  harmony  and 
meafure.  m  Thus  the  connoiffeur  who  hears  a  piece 
of  mufic,  and  who  comprehends,  by  the  acute  per- 
ception of  his  ear,  all  the  proportions  on  which 
both  the  harmony  and  the  meafure  are  founded,  has 
certainly  the  moft  perfeft  knowledge  poflible  of  that 
mufic ;  while  another,  who  perceives  tl\efe  propor- 
tions only  in  pr.rt,  or  not  at  all,  underftands  nothing 
of  the  matter,  or  poffeffes  at  moft  a  very  flender 
knowledge  of  it.  But  the  fentiment  erf  pleafure  ex- 
cited 
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cited  by  fine  mufic  muft  not  be  confounded  with  the 
knowledge  of  which  I  have  been  fpeaking,  though 
it  may  be  confidently  affirmed,  that  a  piece  of  mufic 
cannot  produce  any,  unlefs  the  relations  of  it  are 
perceived.  For  this  knowledge  alone  is  not  fufficient 
to  excite  the  fentiment  of  pleafure ;  fomething  more 
is  wanting,  which  no  one  hitherto  has  unfolded.  In 
order  to  be  convinced  that  the  perception  alone  of 
all  the  proportions  of  a  piece  of  mufic  is  infufficient  to 
produce  pleafure,  you  have  only  to  confider  mufic 
of  a  very  fimple  conftru&ion,  fuch  as  goes  in  octaves 
alone,  in  which  the  perception  of  proportions  is  un- 
doubtedly the  eafieft.  Such  mufic  would  be  far  from 
conveying  pleafure,  though  you  might  have  the  moft 
perfed  knowledge  of  it.  It  will  be  faid  then  that 
pleafure  requires  a  knowledge  not  quite  fo  eafily  at- 
tained,  a  knowledge  that  occafions  fome  trouble; 
which  muft,  if  I  may  ufe  the  expreffion,  coft  us  fome- 
thing. But,  in  my  opinion,  neither  is  this  a  fatisfac- 
tory  folution.  A  diffonance,  the  relations  of  which 
are  expreffed  by  the  higheft  numbers,  is  caught  with 
more  difficulty ;  a  feries  of  diffonances,  however, 
fallowing  without  choice,  and  without  defign,  can- 
not pleafe.  The  compofer  muft  therefore  have  pur- 
fued  in  his  work,  a  certain  plan,  executed  in  real  and 
perceptible  proportions.  Then  a  connoiffeur  on  hear- 
ing fuch  a  piece,  and  comprehending,  befide  the  pro- 
portions, tire  very  plan  and  defign  which  the  com- 
pofer had  in  view,  will  feel  that  fatisfaction  which 
conftitutes  the  pleafure  procured  by  exquifite  mufic 
to  an  ear  accuftomed  to  reliih  the  beauties  and  deli- 
cacies 
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cacies  of  that  enchanting  art*  It  arifes,  then,  from 
divining  in  fome  meafure  the  views  and  feelings  o£ 
the  compofer,  whofe  execution,  when  fortunate,  fills 
the  foul  with  an  agreeable  fenfation.  It  is  a  fatisfac* 
tion  fomewhat  fimilar  to  that  which  is  derived  from 
the  fight  of  a  well  afted  pantomime,  in  which  you 
may  conjecture,  by  the  gcfture  and  a&ion,,  the  fentU 
ments  and  dialogue  intended  to  be  expreffed,  and 
which  prefents  befides  a  well  digefted  plan.  The 
enigma  of  the  chimney-fweeper,*  which  was  fo  di* 
verting  to  your  Highnefs,  furnifhes  me  with  another 
excellent  comparifon.  When  you  can  guefs  the 
fenfe,  and  difcover  that  it  is  perfectly  expreffed  in 
the  propofition  of  the  enigma,  you  feel  a  very  fen- 
fible  pleafure  on  making  the  difcovery ;  but  infipid 
and  incongruous  enigmas  produce  none.  Such  are, 
if  I  may  be  permitted  to  judge,  the  true  principles 
on  which  decifions  refpe&ing  the  excellency  of  mu- 
fical  compofitions  are  founded. 

bth  May,  1760. 


LETTER      IX, 

CotnpreJJion  of  the  Air. 

npHE  explanation  of  found,  which  I  have  had  xht 

***    honour  to  prefent  to  your  Highnefs,  leads  me 

forward  to  a  more  particular  confederation  of  air, 

which,  being  fufceptible  of  a  movement  of  vibration, 

*  A  celebrated  enigma  of  \a  Mothe,  publiflied  in  his  fugitive 
pieces. 

Voi.  I.  D  fuch 
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fuch  as  that  by  which  mttfical  firings,  bells,  and  other 
fonorous  bodies  are  agitated,  tranfmits  the  concuflion 
to  our  ears.  It  will  be  immediately  afked,  What  is 
tur.?  For  it  does  not  appear,  at  firft  fight,  to  be  a  ma- 
terial fubftance.  As  we  perceive  no  fenfible  body  in 
it,  furrounding  fpace  feems  to  contain  no  matter 
whatever*  We  fed  nothing}  we  can  walk,  and 
move  every  limb  in  it,  without  meeting  the  flighteft 
obftack.  But  you  have  only  to  move  your  hand 
brifldy,  to  be  fenfible  of  fome  refiftance,  and  even  to 
|>erceive  a  ftream  of  wind  excited  by  that  rapid  ' 
movement.  Now  the  wind  is  nothing  elfe  but  air 
put  in  motion ;  and  feeing  it  is  capable  of  producing 
effe&s  fo  furprififtg,  how  is  it  poflible  to  doubt  that 
air  is  a  material  fubftance,  and  consequently  a  body  ?* 
For  the  terms  body  and  matter  are  fynonymous; 

Body  is  divided  into  two  gf  eat  claffes,  folid  and 
fluid.  The  air,  it  is  evident,  muft  be  referred  to  the 
clafs  of  fluids.  It  has  feveral  properties  in  common 
with  water ;  but  it  is  much  more  fubtile  and  fine. 
Experiments  have  afcertained  that  air  is  about  8oa 
times  more  fubtile  and  more  rarefied  than  water ; 

*  It  is  an  erroneous  principle  that  the  air  is  diftinguifhed  from 
other  fluids  by  it's  fufceptibility  of  compreflion.  All  fluids  are 
perfectly  elaflic,  only  the  force  required  to  produce  a  certain  de- 
gree of  compreffion  differs  very  widely  in  each.  Thus  the  fame 
force  which  caufes  water  to  fuffer  a  contraction  of  only  the  thirty 
thoufandth  part  of  it's  bulk,  condenfes  air  into  one  half.  The 
real  diftincYion  between  the  aeriform  and  liquid  fluids  feems  to  be, 
that  the  reaction  of  the  former  is  proportional  to  their  denfityv 
while  that  of  the  latter  is  proportional  to  the  quantity  of  com** 
preffion.— £.  E. 

and 
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and  that  if  air  were  to  be  rendered  800  times  denfet 
than  it  is,  it  would  have  the  fame  cdnfiftency  as  the 
other  fluid,  A  principal  property  of  air,  by  which 
it  is  diftinguifhed  from  other  fluids,  is  it's  quality  of 
being  compreffed,  or  reduced  into  a  finaller  fpace. 
This  is  demonftrated  by  the  following  experiment. 
Take  a  tube  of  metal  or  glafs  A  B  C  D  (plate  I*./gw 
a.)  clofe  fliut  at  the  end  A  B,  and  open  at  the  other, 
into  which  is  introduced  a  pifton,  filling  exa&ly  the 
cavity  of  the  tube.  On  puftiing  the  pifton  inwards, 
when  it  has  arrived  at  the  middle  E,  the  air  which 
occupied  at  firft  the  cavity  A  BCD  will  be  reduced 
one  half,  and  confequently  will  have  become  twice 
as  denfe.  If  the  pifton  is  puflied  ftill  farther  in,  as 
far  as  F,  half  way  between  B  and  E,  the  air  will  be 
reduced  to  a  fpace  four  times  fmaller  than  at  firft ;  and 
if  you  continue  to  drive  forward  the  pifton  to  G,  fo 
that  B  G  fhall  be  the  half  of  B  F,  or  the  eighth  part 
of  the  whole  length  B  D,  the  fame  air  which  in  the 
beginning  was  expanded  over  the  whole  cavity  of 
the  tube,  will  be  contra&ed  to  a  fpace  eight  times 
fmaller.  Going  on  in  the  fame  mariner  to  contract 
it  into  a  fpace  800  times  fmaller,  you  will  obtain  an 
air  800  times  denfer  than  ordinary  air.  It  would  then 
be  as  denfe  as  water,  which  it  would  be  eafy  to  prove 
by  other  experiments.  Hence  it  appears,  that  air  is 
a  fluid  fubftance,  capable  of  compreflion,  or,  in  other 
words,  of  being  reduced  to  a  finaller  fpace,  and  in 
this  refped  it  differs  entirely  from  water.  For,  lei 
the  tube  A  B  C  D  be  filled  with  this  laft  fluid,  and 
attempt  to  introduce  the  pifton,  you  will  find  it  im- 

D  2  poffible 
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poflible  to  drive  it  forward.  Employ  what  force 
you  may,  you  will  gain  nothing  J  the  tube  will  burft 
fooner  than  you  can  reduce  the  water  to  a  fpace  fen» 
fibly  fmaller.  This  then  is  the  effential  difference 
between  air  and  water :  the  latter  is  fufceptible  of  no 
compreffion,  but  air  may  be  compreffed  to  any  de- 
gree you  pleafe.  The  more  the  air  is  compreffed, 
the  denfer  it  becomes ;  thus  the  air  which  occupied 
a  certain  fpace,  when  compreffed  or  reduced  to  half 
that  fpace,  becomes  twice  as  denfe ;  if  reduced  to  a 
fpace  i  o  times  fmaller,  it  is  rendered  i  o  times  more 
denfe ;  and  fo  on.  I  have  already  remarked,  that 
could  it  be  rendered  800  times  more  denfe,  it  would 
then  be  as  denfe  as  water,  and  confequently  as  heavy, 
for  weight  increafes  in  the  fame  proportion  as  den- 
fity.  Gold,  the  heavieft  fubftance  with  which  we 
are  acquainted,  is  likewife  the  moft  denfe.  It  is 
found  by  experiment  to  be  1 9  times  heavier  than 
water ;  and  that  a  mafs  of  gold,  in  form  of  a  cube 
of  one  foot,  would  weigh  1 9  times  a  mafs  of  water 
of  the  fame  dimenfions.  Now  fuch  a  mafs  of  water 
weighs  70  pounds ;  the  mafs  of  gold  therefore  would 
weigh  19  times  70,  that  is  1330  pounds.  It  follows 
that  were  it  poflible  to  comprefs  air  till  it  were  re- 
duced to  a  fpace  19  times  800,  that  is,  15,200  times 
fmaller,  it  would  become  as  denfe  and  as  weighty  as 
gold. 

But  it  is  very  far  from  being  poflible  to  carry  the 
compreffion  of  air  to  that  degree.     You  may  at  firft 
without  difficulty  drive  forward  the  pifton,  but  the ' 
farther  you  advance,  the  reiiftance  becomes  more 

powerful  j 
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powerful ;  and,  before  you  are  able  to  reduce  the  air 
to  a  fpace  i  o  times  fmaller,  fuch  a  force  muft  be  em- 
ployed as  would  burft  the  tube,  unlefs  it  were  of  un- 
common ftrength.  And  not  only  would  fuch  a  force 
be  neceffary  to  drive  the  pifton  farther,  but  an  equal 
force  would  be  requifite  to  keep  it  in  that  ftate,  for 
on  the  flighteft  relaxation  of  the  power,  the  com* 
preffed  air  would  drive  it  backward.  The  more 
compreffed  the  air  is,  the  more  violent  are  it's  efforts 
to  expand,  and  to  recover  it's  natural  ftate.  This  is 
what  we  call  the  fpring  or  elafticity  of  the  air,  of 
which  I  propofe  to  treat  in  my  next  letter, 

lOtA  May,  1760, 


LETTER  X. 

Rarefaftion  and  Elafticity  of  the  Air. 

T  HAVE  remarked,  that  air  is  a  fluid,  about  800 
■*•  times  more  fubtile  than  water;  fo  that  could 
water,  without  being  reduced  to  vapour,  be  expand- 
ed over  a  fpace  fo  many  times  greater,  and  could  be- 
come of  confequence  fo  many  times  more  fubtile,  it 
would  be  of  a  fimilar  confiftence  with  the  air  which 
we  breathe.  But  air  has  a  property  which  water  has 
not,  that  of  fuffering  compreflion  into  a  fmaller  fpace, 
and  of  being  prbportionably  condenfed,  as  I  demon- 
ftrated  in  the  preceding  letter.  And  we  difcover  in 
air  another  property  no  lefs  remarkable :  it  is  capable 
of  being  expanded  over  a  greater  fpace,  and  thus- 
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tendered  (till  more  fubtile.    This  operation  is  called 
the  rarefaction  of  air* 

You  have  only  to  take,  as  before,  a  tube  ABCD, 
(plate  I.  Jig.  3.)  at  the  bottom  of  which  A  C,  let 
there  be  a  fmall  aperture  O,  fo  that,  on  introducing 
the  pifton  as  far  as  to  F,  the  air  may  efcape  by  that 
aperture  without  being  condenfed.     The  air  which 
now  occupies  the  cavity  A  C  E  F,  will  then  be  in  it's 
natural  ftate ;  let  the  aperture  O  be  clofely  flopped. 
On  drawing  back  the  pifton,  the  air  will  gradually 
expand  through  the  greater  fpace,  fo  that  when  tha 
pifton  is  brought  back  to  the  point  G,  the  fpace 
C  G  being  double  the  fpace  C  F,  the  fame  air  which 
was  contained  in  the  fpace  A  C  E  F,  will  fill  a  fpace 
twice  as  great ;  it  will  be  of  courfe  only  half  as  denfe, 
or,  which  is  the  fame  thing,  twice  as  rare.  If  you  draw 
back  the  pifton  to  the  point  H,  the  fpace  C  H  being 
four  times  as  great  as  the  fpace  C  F,the  air  will  become 
four  times  as  rare  as  it  was  at  firft,  as  it  is  then  ex- 
panded  over  a  fpace  four  times  as  great.    And  could 
the  pifton  be  drawn  back  till  the  fpace  became  1 000 
times  as  great,  the  air  would  ftill  equally  expand 
through  that  fpace,  and  confequently  become  1 000 
times  as  rare.     Here  then,  likewife,  air  differs  efien- 
tially  from  water  :  for  if  the  cavity  ACEF  were 
filled  with  water,  to  no  purpofe  would  you  draw 
back  the  pifton ;  the  water  would  continue  to  oo» 
Cupy  the  fame  fpace  as  at  firft,  and  the  reft  would 
yemain  empty.    Hence  we  fee  that  the  air  pofleflea 
an  intrinfic  power  of  expanding  itfelf  more  and 
Siore,  which  it  exerts  not  only  when  it  is  eondenfed* 
-  but 
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Tmt  alfo  when  rarefied.  In  whatever  ftate  of  con- 
denfation  or  rarefa&ion  the  air  may  be,  it  makes 
unremitting  efforts  to  extend  itfelf  over  a  larger 
{pace,  and  is  continually  expanding  fo  long  as  it 
meets  no  obftacle.  This  property  is  called  the  elat 
ticity  of  air ;  and  it  has  been  demonftrated  by  expe- 
riments which  I  fliall  prefently  defcribe,  that  this 
elaftic  power  is  in  proportion  to  the  denfity ;  in  other 
words,  the  more  the  air  is  condenfed  the  greater  are 
it's  efforts  to  expand  itfelf;  and  the  more  rarefied  it 
is,  the  feebler  are  thofe  efforts.  It  will  be  demanded, 
perhaps,  why  the  air  now  in  my  chamber  does  not 
make  it's  efcape  by  the  door,  being  endowed  with  an 
cxpanfibility  continually  impelling  it  to  occupy  a 
greater  fpace  ?  The  anfwer  is  obvious.  This  would 
infallibly  happen,  did  not  the  external  air  make  equal 
efforts  to  extend  itfelf;  but  the  efforts  of  the  air  of 
the  chamber  to  get  out,  and  that  of  the  external  air 
to  prefe  in,  being  equal,  they  balance  each  other,  and 
remain  in  a  ftate  of  reft.  Had  the  external  air  acci- 
dentally acquired  a  greater  degree  of  denfity,  that  is, 
more  elafticity,  it  would  in  part  force  it's  way  into 
the  chamber,  where  the  air  being  compreffed,  would 
likewife  acquire  a  greater  degree  of  elafticity ;  this 
current  would  accordingly  laft  till  the  elafticity  of 
the  internal  became  equal  to  that  of  the  external  air. 
And  fhould  the  air  of  the  chamber  fuddenly  become 
more  denfe,  and  it's  elafticity  greater  than  that  of 
the  external  air,  it  would  force  it's  way  out,  and  it's 
denfity  gradually  diiainiihing,  it's  elafticity  too  would 
diminifh,  till  it  became  equal  to  the  external  air ; 
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the  current  would  then  ceafe,  and  the  air  in  the 
chamber  would  be  in  equilibrium  with  the  external. 
Free  air,  then,  is  in  a  ftate  of  reft  only  when  it  has 
the  fame  degree  of  elafticity  with  that  which  fur- 
rounds  it ;  and  as  foon  as  that  of  the  one  trad  be- 
comes more  or  lefs  elaftic  than  the  adjoining,  the 
equilibrium  can  no  longer  fubfift ;  but  if  the  elafti- 
city is  greater,  the  air  will  expand  itfelf  and  Hide 
into  fpaces  where  it  is  {mailer :  and  from  this  mo- 
tion of  the  air  refults  the  wind.*  Hence  it  comes 
to  pafs  that  the  elafticity  of  the  air  is  fometimes 
greater,  fometimes  lefs  in  the  fame  place  ;  and  this 
variation  is  indicated  by  the  barometer,  the  defcrip- 
tion  of  which  merits  a  particular  confideration.  I 
confine  myfelf,  at  prefent,  to  thefe  qualities  of  air, 
it's  condenfation  and  rarefaftion,  intreating  you  to 
recoiled,  that  the  more  condenfed  it  is,  the  greater 
power  of  expanfion  or  elafticity  it  acquires ;  and  that 
on  the  contrary,  the  more  it  is  rarefied,  the  more 
this  quality  is  diminifhed.  Experimental  philoso- 
phers have  invented  one  machine  for  rarefying  of 
air,  and  another  for  condenfing  it :  the  former  is 
called  the  air-pump,  the  latter  the  condejifer.  Thefe 
machines  ferve  to  perform  many  curious  expert 
ments,  with  which  you  are  already  well  acquainted. 
X  referve  to  piyfelf,  however,  the  liberty  of  recapitu- 

*  The  action  of  the  moon  upon  the  atmofphere,  and  the  mo* 
tion  of  the  earth's  rotation  like  wife  produce  regular  winds.  Chains 
of  mountains  fometimes  change  the  direction  of  winds.  Hence 
we  fee  that  the  known  caufe  of  currents  of  air  are  of  three  kinds, 
regular,  accidental,  and  local.— F,  £, 

lating 
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kting  fome  of  them,  becaufe  they  are  neceffary  to 
elucidate  and  explain  the  nature  and  properties  of 
air,  which,  as  they  powerfully  contribute  to  the  pre- 
fervation  of  animals,  and  the  produ&ion  of  plants, 
prefs  upon  us  the  importance  of  forming  a  juft  idea 
of  them. 

14M  May,  1760. 
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Gravity  of  the  Air. 

I  HAVE  endeavoured  to  demonftrate,  that  the  air 
is  a  fluid,  endowed  with  the  particular  property 
of  fufFering  compreflion  into  a  fmaller  fpace,  and  of 
expanding  into  a  greater,  when  no  obftacle  inter- 
pofes.  This  property  of  air,  known  by  the  name 
of  fpring,  or  elafticity,  from  it's  refemblance  to  a 
fpring,  which  it  requires  an  effort  to  unbend,  and 
which  refumes  it's  form  as  fooi*  as  the  effort  ceafes, 
is  accompanied  by  another,  in  common  to  it  with  all 
bodies  in  general,  namely,  gravity  or  weight,  in  vir- 
tue of  which  all  bodies  tend  toward  the  centre  of 
the  earth,  and  by  which  they  are  under  the  neceffity 
of  falling  down,  unlefs  fupported.  The  learned  are 
very  much  divided,  and  very  uncertain,  refpe&ing 
the  primary  and  mechanical  caufe  of  this  power,  but 
it's  exiftence  is  indubitable.*  t)aily  experience  evinces 

•The  properties  of  matter  muft  ultimately  be  referred  to  the 
arbitrary  appointment  of  the  Author  of  Nature,    There  are  cer- 

tain 
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it.  We  know  even  the  quantity  of  it,  and  can  mea- 
fure  it  exadUy.  For  the  weight  of  a  body  is  nothing 
dfe  but  the  power  which  conftrains  it  to  defcend  ; 
and  as  the  weight  of  every  body  may  be  exa&ly 
meafured,  we  know  perfectly  well  the  effe£t  of  gra* 
vity,  though  the  caufe,  or  that  invifible  power  which 
a&s  upon  all  bodies,  forcing  them  to  defcend,  may 
be  abfolutely  unknown  to  us.  It  follows,  that  the 
more  matter'  any  body  contains,  the  heavier  it  is. 
Gold  and  lead  are  heavier  than  wood  or  a  feather, 
as  they  contain  more  matter  in  the  fame  bulk,  or  in 
the  fame  extent.  But  as  air  is  a  very  fubtile  and  thin 
fubftance,  and  it's  gravity  of  confequence  very  little, 
this  property  ufually  efcapes  our  fenfes.  Experi- 
ments, however,  may  be  made,  capable  of  producing 
full  convi&ion  that  it  poffefles  gravity.  You  have 
feen  how  the  air  may  be  rarefied  in  a  veffel  or  a  tube ; 
and  by  means  of  the  air-pump,  this  rarefaction  may 
be  carried  fo  far,  as  almoft  entirely  to  exhauft  the 
air,  and  to  leave  the  receiver  fenfibly  a  vacuum.  Or 
you  may  take  a  tube  ABCD,  (plate  LJig.  4.  J  into 
which  you  introduce  the  pifton,  fo  ,as  perfectly  to 
touch  the  bottom,  and  to  leave  no  air  between  the 
two  furfaces.  To  perform  the  experiment  with 
more  advantage,  let  there  be  at  the  bottom  of  the 

tain  principles  at  which  the  prudent  philofopher  will  choofe  to 
Hop,  left,  by  pufhing  his  refearches  too  far,  he  involve  himfelf  in 
greater  obfeurity.  Thofe  who  attempted  to  account  for  gravity 
by  mechanical  impulfe,  committed  an  egregious overfight ;  for  the 
queftion  flill  recurs,  What  produces  this  impulfe  ?  No  metaphy- 
seal ;w«rk  has  ever  done  fo  much  fervice  to  philoiophy  as  Mr. 
Hume's  admirable  effajf  on  "  Neceflary  Coooexion^^^jP.  E. 

tube 
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tube  a  Ettlc  aperture  G,  through  which  the  air  may 
efcape,  as  the  pifton  is  puftxed  forward*  Let  the 
aperture  then  be  clofely  ftopped,  that  not  a  particle 
of  air  may  be  included  between  the  pifton  and  the 
bottom  of  the  tube.  Having  made  this  arrangement, 
draw  back  the  pifton,  and  the  external  air  not  beiny 
able  to  force  it's  way  into  the  tube,  there  will  remaia 
between  the  bottom  of  the  tube  and  the  pifton,  a 
perfeft  vacuum,  which  may  be  increafed  at  pleafurc^ 
by  continuing  to  draw  back  the  pifton.  You  may 
thus  exclude  the  air  contained  in  a  veffel ;  and  fuch 
veffel,  reduced  to  a  vacuum,  being  tried  in  accurate 
(bales,  will  be  found  to  weigh  lefs  than  when  filled 
with  air.  Hence  we  deduce  this  very  important  con* 
clufion,  That  the  air  contained  in  an  empty  veffel 
increafes  it's  weight,  and  that  the  air  itfelf  poffefie* 
gravity.  Were  the  veffel  large  enough  to  contain 
800  pounds  weight  of  water,  we  might  difcover  by 
this  experiment,  that  the  body  of  air  which  fills  it 
would  weigh  nearly  one  pound.  Hence  we  conclude, 
that  air  is  800  times  lighter  than  water.  I  muft  be 
underftood  as  fpeaking  of  the  common  air  which 
furrounds  us,  and  which  we  bFeathe ;  for  you  know 
that  with  the  afliftance  of  art,  air  may  be  comprefled 
by  forcing  it  into  a  fmaller  fpace,  and  it's  gravity 
thereby  increafed.  Were  the  veffel  which  I  have 
mentioned,  to  be  filled  with  air  comprefled  to  twice 
the  confiftency  of  common  air,  it  would  weigh  two 
pounds  more  than  when  empty.  Were  it  filled  vfrith 
air  800  times  more  comprefled  than  common  air,  it 
would  weigh  800  pounds  more  than  when  empty, 

that 
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that  is,  as  much  as  if  it  were  filled  with  water.    The 
air,  then,  poffeffing  a  certain  degree  of  gravity, 
though  in  the  natural  ftate  of  this  fluid  it's  gravity  is 
extremely  fmall,  it  muft,  however,  as  well  as  all  other 
bodies,  tend  toward  the  centre  of  the  earth,  and  con- 
sequently preffes  on  every  thing  which  oppofes  this 
tendency.    For  this  reafon  the  fuperior  air  preffes 
downward  on  the  inferior,  and  this  laft  undergoes  a 
compreflion  from  the  weight  of  the  whole  mafs  of 
air  which  is  above  it.    Hence  it  comes  to  pafe,  that  in 
thefe  regions,  the  air  has  a  certain  degree  of  com- 
preflion or  denfity,  which  is  the  effect  of  the  gravity 
of  the  fuperior  air ;  and  that  if  the  fuperior  air  had 
more  or  lefs  gravity,  the  air  which  furrounds  us 
would  likewifc  become  more  or  lefs  denfe.     It  is 
thus  that  the  air  below  fupports  the  weight  of  the 
fuperior  air,  and  that  the  more  we  afcend,  the  more 
it  lofes  it's  denfity  and  rarefies ;  fo  that  were  it  pof- 
fible  to  continue  to  afcend,  the  air  would  at  length 
be  totally  loft,  or  would  become  fo  fubtile  and  fo  ra- 
refied, as  to  be  no  longer  perceptible.     Were  you  to 
defcend,  on  the  contrary,  into  a  very  deep  pit,  you 
would  find  the  denfity  of  the  air  continually  increaf- 
ing,  from  the  increafe  of  the  mafs  of  air  prefling. 
downward  upon  it. 

IphMafr  1760. 
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LETTER  XH. 

Of  the  Atmofphere^  and  the  Barometer. 

HAVING  demonftrated  that  air  is  a  fluid,  elaftic, 
and  poffeffed  of  gravity,  I  proceed  to  remark, 
that  the  earth  is  furrounded  on  all  fides  by  this  fluid, 
and  that  the  fpace  which  it  fills  is  called  the  atmo^ 
fphere.  It  would  be  abfolutely  impofiible  for  a  per- 
fect vacuum  to  exift  on  any  part  of  the  earth's  fur- 
face  ;  for  the  air  of  the  adjoining  regions,  compreffed 
by  the  weight  of  the  fuperior  air,  and  making  in:- 
ceffant  efforts  to  dilate,  would  force  itfelf  into  the 
empty  fpace  and  fill  it.  The  atmofphere,  therefore, 
occupies  the  whole  region  which  furrounds  the 
earth ;  the  inferior  air  is  continually  compreffed  by 
the  weight  of  the  fuperior  air,  and  that  until  the  de- 
gree of  elafticity  which  refults  from  this  compreffion, 
is  able  to  form  an  equilibrium  to  the  comprefling 
power.  Then,  although  this  air  is  compreffed  only 
in  a  downward  dire&ion,  it  produces,  in  virtue  of 
it's  elafticity,  efforts  to  expand  itfelf  not  only  down- 
wards, but  fideways  alfo.  For  this  reafon,  the  air 
in  a  chamber  is  as  much  compreffed  as  the  external, 
which  appeared  a  paradox  to  certain  philofophers. 
For  they  reafoned  thus :  In  a,  chamber,  the  inferior 
air  is  compreffed  only  by  the  fmall  quantity  of  fupe- 
rior air  included  in  that  chamber,  whereas  the  ex- 
ternal air  is  compreffed  by  the  weight  of  the  whole 
atmosphere,  the  height  of  which  is  immenfe.    But 

the 
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the  difficulty  is  at  once  removed,  by  the  property 
which  air  poffeffes,  of  expanding  itfelf  when  com- 
preffed  in  all  directions.  Now  the  air  in  the  cham- 
ber is  at  firft  reduced,  by  the  external  air,  to  the 
lame  degree  of  compreffion  and  elafticity  with  itfelf; 
hence,  whether  I  am  in  my  chamber,  or  in  the  open 
air,  I  feel  the  fame  compreffion ;  being  always  under- 
ftood,  that  I  mean  at  the  fame  height,  or  at  the  fame 
diflance  from  the  centre  of  the  earth.  For  I  have 
already  remarked,  that  on  getting  to  the  fummit  of 
a  high  tower,  or  of  a  lofty  mountain,  the  compret 
fion  of  the  air  is  lefs,  becaufe  the  weight  of  the  fupc- 
rior  air  is  then  diminifhed.  Various  phenomena  con- 
firm this  ftate  of  the  compreffion  of  the  air. 

Take,  for  inftance,  (plate  LyJg.  5.)  a  tube  A  B,  clofe 
at  the  end  A,  and  having  filled  it  with  water,  or  any 
other  fluid,  invert  it,  fo  that  the  open  end  B  may  be 
undermoft,  and  you  will  find  that  the  fluid  does  not 
run  out.  The  elafticity  of  the  air  a&ing  at  B,  in 
oppofition  to  the  fluid,  fupports  it  in  the  tube.  But 
if  you  make  an  aperture  into  the  tube  at  A,  the  fluid 
immediately  defcends :  the  air  which  is  admitted  by 
the  aperture  acts  then  from  above,  by  it's  preffure 
upon  the  water,  and  forces  it  downward ;  which  de* 
monftrates,  that  while  the  tube  was  clofe  at  top,  it 
was  the  external  air  which  fupported  the  water  in  it* 
And  were  fuch  a  tube  to  be  placed  in  a  receiver, 
from  which  the  air  was  extracted  by  the  air-pump, 
the  fluid  would  inftantly  defcend.  The  ancients,  to 
whom  this  property  of  air  was  unknown,  alleged, 
Chat  nature  fupported  the  water  in  the  tube,  from 

the 
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the  horror  which  it  has  of  a  vacuum.  For,  faid 
they,  were  the  fluid  to  defcend,  there  muft  be  a  va* 
cuum  at  the  upper  end  of  the  tube,  as  the  air  could 
find  no  admiffion  into  it.  According  to  them,  there- 
fore, it  was  the  horror  of  a  vacuum  which  kept  the 
fluid  fufpended  in  the  tube.  It  is  now  demonftrated, 
that  it  is  the  force  of  the  air  which  fupports  the 
weight  of  the  fluid  in  the  tube ;  and  as  this  force 
has  a  determinate  quantity,  the  effed  cannot  exceed 
a  certain  limit. 

It  is  found  by  experiment,  that  if  the  tube  A  B  is 
more  than  $$  feet  in  length,  water  will  no  longer 
remain  fufpended  in  it,'  but  will  run  out  till  it  comes 
to  the  height  of  33  feet ;  the  fpace  left  a-top  will,  of 
courfe,  be  a  real  vacuum.  The  force  of  the  air  then 
cannot  fupport  water  in  the  tube  at  more  than  the 
height  of  33  feet ;  and  as  the  fame  force  fupports 
the  whole  atmofphere,  it  is  concluded,  that  a  column 
of  the  atmofphere  is  of  equal  weight,  the  bafis  being 
equal  with  a  column  of  water  33  feet  high*  If,  in- 
ftead  of  water,  you  were  to  ufe  mercury,  which  is 
14  times  heavier,  the  force  of  the  air  could  fupport 
it  in  the  tube  at  the  height  of  only  2  8  inches ;  and 
if  you  go  beyond  that,  the  mercury  defcends,  till  it's 
height  correfponds  to  the  preffure  of  the  atmofphere, 
leaving  the  fpace  a-top  in  the  tube  a  vacuum.  Such 
a  tube  clofe  above,  and  open  below,  being  filled  with 
mercury,  forms  the  inftrument  called  the  Barometer, 
by  means  of  which  it  has  been  difcovered,  that  the 
atmofphere  is  not  always  of  equal  gravity.  For  it's 
real  gravity  is  ascertained  by  the  barometer,  from  the 

height 
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height  of  the  mercury,  which,  as  it  rifes  or  fells,  in- 
dicates that  the  denfity  of  the  air,  or  the  preffure  of 
the  atmofphere,  is  increafing  or  diminifhing. 

ZQth  May,  1 760. 
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Of  Wind-Guns,  and  the  CompreJJion  of  Air  in  Gun- 
Powder. 

HAVING  explained  that  remarkable  property  of 
air  which  is  denominated  compreffibility,  by 
means  of  which  it  is  reducible  into  a  fmaller  fpace, 
we  are  enabled  to  give  an  account  of  feveral  produc- 
tions of  both  nature  and  art.  I  fhall  begin  with  an 
explanation  of  the  wind-gun,  though  I  have  no  doubt 
but  you  are  well  acquainted  with  that  inftrument. 
It's  conftruftion  is  fimilar  to  that  of  the  common 
fufil ;  but  inftead  of  powder,  we  employ  condenfed 
air  to  difcharge  the  bullet. 

In  order  to  comprehend  the  procefs  of  this  opera- 
tion, it  muft  be  obferved,  that  air  can  be  compreffed 
only  by  a  force  proportional  to  the  degree  of  con- 
denfation  which  you  wifh  to  obtain ;  in  this  ftate,  it 
ftrives  to  extend  itfelf,  and  the  efforts  which  it  makes 
are  precifcly  equal  to  the  force  neceffary  to  reduce 
it  to  the  fize  which  it  aftually  occupies.  The  more, 
then,  that  the  air  is  condenfed,  the  more  violent  are 
it's  efforts  to  dilate ;  and  if  the  air  is  raifed  to  a  den- 
fity twice  as  great  as  when  it  is  free,  which  is  the 

cafe 
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cafe  when  we  reduce  it  to  half  the  fpace  which  it 
occupies  in  it's  natural  ftate,  the  force  with  which 
it  endeavours  to  expand  is  equal  to  the  preffure  of  a 
column  of  water  33  feet  high.  Figure  to  yourfelf 
a  great  calk  of  this  height,  tilled  With  water ;  this 
fluid  will,  undoubtedly,  make  a  ftrong  preffure  on 
the  bottom  of  the  veffel.  x  If  you  make  a  hole  in  it 
near  the  bottom,  the  water  will  force  itfelf  out  with 
confiderablc  violence :'  and  on  flopping  the  aperture 
with  your  finger,  you  will  be  abundantly  fenfible  of 
this  preffure  of  the  water.  The  bottom  of  the  cafk 
fuftains  throughout  a  fimilar  preffure.  Now  a  vef- 
fel containing  air  twice  as  denfe  as  that  of  the  atmo- 
fphere,  muft  undergo  precifely .  fuch  a  preffure,  and 
if  it  were  not  fufficiefctly  ftrong  to  fuftain  it,  would 
burft.  The  fides,  then,  of  this  veffel  muft  be  as  ftrong 
as  the  bottom  of  the  calk  I  have  mentioned.  If  in 
the  lame  veffel  the  air  were  three  times  as  denfe  as 
common  air,  the  force  with  which  it  would  aft  upon 
the  fides  muft  be  increafed  in  the  proportion  of  one 
more,  and  would  be  the  fame  which  is  fuftained  by 
the  bottom  of  a  calk  full  of  water,  of  66  feet>  in 
height.  You  will  eafily  conceive  that  this  force  muft 
be  very  great,  and  that  it  muft  go  on  increafing  in 
the  lame  ratio,  according  to  the  different  degrees  of 
condenfation  of  the  air.  This  being  laid  down, 
there  is,  at  the  bottom  of  the  air-gun,  a  cavity 
ftrongly  fortified  on  all  fides,  into  which  the  air  is 
more  and  more  compreffed,  in  order  to  reduce  it  to 
as  high  a  degree  of  denfity  as  the  force  employed  for 
•    Vol.  I.  E  that 
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that  purpofe  can  admit.     The  air  confined  in  this 
cavity  will  thereby  acquire  a  prodigious  power  to 
force  itfelf  out :  and  if  an  aperture  is  made,  it  will 
fly  off  with  a  velocity  jfrfoportional  to  that  p^wer. 
Now;therc  is.fuch  an  aperture  which  terminates  in 
the  cavity  of  the  tube  into  which  the  ball  is  put. 
It  is  clofely  flopped ;  but  when  you  wife  to  difcharge 
the  piece,  you  open,  for  an  inftant,  the.  valve  "which 
fhuts  it ;  and  the  air  rufhing  forth,  forces  out  the 
ball  with  all  the  velocity  which  we  remark  in  {hoot- 
ing.   Every  time  you  difcharge,  the  valve  is  kept 
open  only  a  fingle  moment ;  a  certain  quantity  of' 
air,  therefore,  and  no  more,  can  efcape,  and  enough 
f^ill  will  remain  for  feveral  fhot.     But  on  difcharge, 
it's  denfity  and  corresponding  elafticky  diminifli;J 
and  for  this  reafon,  the  latter  difcharges  are  lefs  for- 
cible than  the  former,  till  the  force  is  at  length  en- 
tirely exhaufted.     Were  the  valve  to  remain  open 
any  confiderable  time,  more  air  would  make  it's 
efcape,  which  would  all  go  to  wafte ;  for  this  force 
a&s  upon  the  ball  only  while  it  is  in  the  barrel  of 
the  gun ;  as  foon  as  it  is  feot  off,  it  is  ufelefs  to  leave 
a  paflage  for  the  air.  '  Hence  it  appears,  that  were  it 
poffible  to  carry  the  condensation  of  this  fluid  a  great 
deal  farther,  you  will  produce  from  the  wind-gun 
the  fame  effects  as  from  the  guns  and  cannons  in 
common  ufe. 

The  effed  of  artillery  is  accordingly  founded  on 
$he  fame  principle.  Gunpowder  is  only  a  fubftance, 
which  contains  in  it's  pores  an  air  extremely  con- 

denfed. 
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denfed.*  Nature  produces  here  the  fame  operations 
which  we  employ  for  comprefling  the  air,  but  carries 
the  condenfation  to  a  much  higher  degree.  All  that 
is  neceffary  is  to  open  the  little  cavities  in  which  this 
denfe  air  is  confined,  that  it  may  have  liberty  to 
cfcape.    This  is  performed  by  means  of  fire,  which 

•  Recent  experiments  have  fomewhat  corre&ed  this  explanation* 
Gunpowder,  it  is  well  known,  is  a  compofition  of  fulphur,  nitre, 
and  charcoal.  In  the  detonation  of  this  fubftance,  the  heat  puts 
the  fulphur  and  charcoal  in  a  condition  to  diffolve  the  acid  of  the 
nitre,  and  to  take  from  it  the  dephlogiftic  air  which  enters  into  it's 
compofition.  The  atmofpheric  mephites,  which  is  another  prin- 
ciple of  this  acid,  finding  itfelf  thereby  difengaged,  begins  to  ex- 
pand, and  forms  a  firfl  elaftic  permanent  fluid.  The  firing  of  the 
charcoal  produces  fixed  air,  which  is  a  fecond  elaftic  permanent 
fluid.  That  of  the  fulphur  produces  the  vitriolic  acid,  which  is 
reduced  to  vapour  by  the  heat  of  the  inflammation  (a) .  Finally, 
the  water  which  enters  into  the  compofition  of  the  powder,  is 
likewife  converted  into  vapour.  Here,  then,  are  four  elaftic  fluids 
produced  in  the  progrefs  of  this  operation.  To  their  expansion 
the  phenomenon  of  the  explofion  is  to  be  afcribed.  The  two  laft, 
brought  back  to  a  liquid  ftate  by  being  cooled,  form  the  fmoke 
we  perceive  after  the  difcharge.— JF.  E. 

(a)  This  account  of  the  aeriform  fluids,  extricated  by  the  inflammation  of 
gun-powder,  teems  very  embar  rafted.  Sulphur  is  not  an  effential  ingredient 
in  gun-powder;  but  as  it  burns  at  a  low  heat,  it  renders  the  mafs  more  fufcep- 
tible  of  catching  fire.  The  inflammation  of  guupowder  is  precifely  the  fame 
phenomenon  with  the  detonation  of  charcoal  and  nitre.  That  fait  is  com- 
pofed  of  vegetable  alkali  and  nitrous  acid,  which  confifts  of  pure  and  mephitic 
airs  united  in  a  certain  proportion.  By  means  of  the  heat  at  firfl:  applied,  and 
then  rapidly  evolved  during  the  procefs  of  inflammation,  the  nitrous  acid  is  de- 
compofed 5  it's  mephitic  air  is  expelled,  while  it's  pure  air,  combining  with 
the  charcoal,  forms  fixed  air,  which  is  alfo  difcharged.  It  appears  from  experi- 
ment, that  this  aerial  compound,  at  the  inftant  of  it's  extrication,  has  upwards 
of  five  hundred  times  the  elafticity  of  common  air.— E.  K. 

E  2  burfts 
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burfts  open  thefe  little  envelopes :  the  air  then  fud- 
denly  flies  off,  with  incredible  velocity,  and  forces 
before  it  bullets  and  balls  in  a  manner  entirely  fimi- 
lar  to  that  which  we  have  remarked  in  the  cafe  of 
the  wind-gun,  but  with  much  greater  impetuofity. 
Here,  then,  are  two  very  furprifing  eflefts  produced 
from  the  condenfation  of  air,  with  this  fingle  diffe- 
rence, that  in  the  one,  it  is  the  work  of  art ;  and  in 
the  other,  that  of  nature.  We  fee  therefore  in  this, 
as  in  every  thing  elfe,  how  infinitely  the  operations 
of  human  (kill  are  furpaffed  by  thofe  of  nature, 

24.'/*  May,  1760. 
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LETTER  XIV. 

1 

The  Effett  produced  by  the  Heat  and  Cold  on  all  Bodies  y 
and  of  the  Pyrometer  and  Thermometer. 

T>  ESIDE  the  properties  already  mentioned,  air  has 
*-*  another  very  remarkable  quality,  in  common  to 
it  with  all  bodies,  not  excepting  fuch  as  are  folid ;  I 
mean  the  change  produced  on  it  by  heat  and  cold. 
It  is '  obfervable,  in  general,  that  all  bodies,  being 
heated,  dilate  or  increafe  in  fize.  A  bar  of  iron  made 
very  hot,  is  fomewhat  longer  and  thicker  than  when 
it  is  cold.  There  is  an  inftrument  called  the  Pyro- 
meter, which  accurately  indicates  the  flighteft  dif- 
ferences of  length  or  fhortnefs,  that  a  bar  of  iron 
undergoes,  to  which  it  is  applied.     You  know  that 

in 
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in  a  watch*  fome  of  the  wheels  move  very  flowly, 
though  they  communicate  motion  to  others  which 
revolve  with  confiderable  rapidity.  By  a  fimilar  me- 
chanifm  it  is  poffible,  from  a  change  almoft  imper- 
ceptible, to  produce  one  very  confiderable,  as  is  the 
cafe  of  the  pyrometer,  which  I  have  juft  mentioned. 
It  has  an  index,  which  runs  over  a  very  confiderable 
fpace,  on  the  flighteft  change  produced  in  the  length 
of  the  body  on  which  the  experiment  is  made.  On 
applying  this  inftrument  to  a  bar  of  iron,  or  any 
other  metal,  placed  over  a  burning  lamp,  the  index 
is  immediately  put  in  motion,  and  fhews  that  the 
bar  is  becoming  longer ;  and,  as  the  heat  increafes, 
the  bar  likewife  increafes  in  length.  But  on  extin- 
guifhing  the  lamp,  and  the  bar  growing  cold  again, 
the  index  moves  in  a  contrary  dire&ion,  and  thereby 
fhews  that  the  bar  is  growing  fliorter.  The  difference, 
however,  is  fo  flight,  that,  without  the  help  of  this 
inftrument,  it  would  be  difficult  to  perceive  it.  Yet 
this  variation  is  abundantly  perceptible  in  the  motion 
of  pendulum  time-pieces.  The  ufe  of  the  pendulum 
is  to  regulate  the  motion.  If  you  lengthen  it,  the 
clock  goes  flower,  and  if  you  ihorten  it,  the  clock 
goes  fefter.  Now  it  is  remarked,  that  in  very  hot 
weather  all  clocks  lofe  time,  and  proportionably  gain 
it  in  very  cold  weather ;  which  clearly  demonftrates, 
that  the  pendulum  is  lengthened  or  fhortened,  ac- 
cording to.  the  temperature  of  the  air. 

All  bodies  undergo  this  alteration,  but  the  quan- 
tity differs  greatly,  according  to  the  nature  of  the 
1  E  3  fubftance 
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fubftance  of  which  they  are  compofed.  In  fluids, 
efpecially,  this  variability  is  very  perceptible.  To  at 
certain  it,  take  a  glafs  tube,  B  C,  (plate  I.  Jig.  6) 
joined  at  the  end  B  to  a  hollow  ball  A,  and  let  it  be 
filled  Nvith  any  liquor  you  pleafe  up  to  M.  On  heat-  . 
ing  the  ball  A,  the  liquor  will  rife  from  M  toward  C : 
when  it  becomes  cold  again,  the  liquor  will  fall  to- 
ward B.  This  clearly  proves  that  the  fame  liquid 
occupies  a  greater  fpace  when  it  is  heated,  and  a 
fmaller  when  cold.  It  is  likewife  clear,  that  this  va- 
riation muft  be  more  perceptible,  when  the  ball  is 
large,  and  the  tube  narrow.  For,  if  the  whole  mafk 
of  liquor  increafes  or  diminifhes  by  a  thoufandth 
part,  that  thoufandth  part  will  occupy,  in  the  tube, 
a  fpace  great  in  proportion  to  it's  narrownefs.  Such 
an  inftrument  then  is  exceedingly  proper  to  indi- 
cate to  us  the  different  degrees  of  heat  and  cold ; 
for  if  the  liquor  rifes  or  falls,  it  is  a  certain  indication 
that  the  heat  is  increafing  or  diminifhing.  This  in- 
ftrument is  called  the  Thermometer,  which  points  out 
the  changes  that  take  place  in  the  temperature  of  the 
air,  and  of  the  bodies  which  furround  us.  It  muft 
not  be  confounded  with  the  barometer,  whofe  uflb  is 
to  indicate  the  gravity  of  the  air,  or  rather  the  force 
with  which  it  is  compreffed.  This  caution  is  the 
more  neceffary,  that  the  barometer  and  thermometer 
have  a  confiderable  refemblance:  being  both  glafe 
tubes  filled  with  mercury  y  but  their  conftru&ion, 
and  the  principles  on  which  they  are  founded  are  en-  * 
tirely  different.    This  quality  of  body,  e^tenfion  by 

heat, 
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heat,  and  contra&ion  by  cold,  belongs  liketoife,  in  a 
very  fuperior  degree,  to.  air.  I  ftiall  explain  it  at 
greater  length  in  my  next  letter.* 

2Jth  May,  1760. 
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LETTER  XV. 

/ 

Changes  produced  in  the  Atmofphere  by  Heat  and  Cold. 

TTEAT  and  cold  produce  the  fame  effeft  on  air,  as 
-*•  -*■  on  every  other  body.  Air  is  rarefied  by  heat, 
and  condenfed  by  cold.  From  what  I  have  faid  of 
the  clafijcity  of  air,  you  eafily  perceive,  that  a  certain 
quantity  of  this  fluid  is  not  determined  to  occupy 
only  a  certain  fpace,  as  all  other  bodies  are ;  but  by 

*  There  Are  three  kinds  of  thermometers  in  ufe  at  prefent,  that 
of  Reaumur  is  adopted  in  France,  Switzerland,  and  Italy;  that  of 
Celfius  in  Sweden  and  Denmark.  In  both  of  thefe,  the  (bale  com- 
mences at  the  freezing  point;  but  the  interval,  between  that  and 
the  boiling  point,  is  drvided,  in  the  former,  into  80  parts,  and  the 
latter,  into  ioo.  Farenheit's  thermometer  is  ufed  in  Britain  and 
Holland ;  the  freezing  point  is  marked  on  it  32,  and  the  boiling 
212,  the  interval  containing  j8o  degrees.  The  freezing  point  is 
very  nearly  permanent,  but  the  boiling  point  depends  on  the  pref- 
iure  of*  the  ajmofphere,  and  near  the  furface  of  the  earth  it  varies 
one  degree  and  fix-tenths  for  every  inch  of  variation  in  the  height 
of  the  barometer.  Water  has  been  heated  in  a  clofe  veffei  to  fuch 
a  degree,  as  to  melt  lead  and  tin ;  and  in  the  receiver  of  an  air* 
pump,  it  may  be  converted  into  vapour,  at  the  ordinary  tempera- 
ture of  the  air.  Hence  the  reafon  why  water  boils  fo  quickly  on 
thefummit  of  lofty  mountains.  The  boiling  point  would  be  at 
17a0  on  the  heights  of  the  Andes.— E,  E, 

E  4  it's 
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it's  nature,  it  has  a  perpetual  tendency  to  dilate,  and 
a&ually  does  expand  itfelf,  as  long  as  it  meets  no  ob- 
flade. 

This  property  of  air  is  denominated  elaflicity. 
When  this  fluid  is  confined  in  a  veffel,  it  makes  ef- 
forts in  every  direftion  to  burft  it ;  and  thefe  efforts 
are  greater  or  lefe  in  proportion  to  it's  condensation. 
Hence  we  come  to  this  conclufion,  that  the  elaflicity 
of  air  is  in  exaft  proportion  to  it's  denfity  ;  fo  that 
when  it's  denfity  is  doubled,  it's  elaflicity  is  likewife 
doubled  j  and  that,  in  general,  a  certain  degree  of 
1  elaflicity  correfponds  to  a  proportional  degree  of  den- 
fity. It  muft  be  remarked,  however,  that  this  takes 
place  no  longer  than  while  the  air  preferves  the  fame 
degree  of  heat.  Whenever  it  becomes  hotter,  it  ac- 
quires greater  power  of  expanfion  than  what  corre- 
fponded  to  it's  denfity ;  and  cold  produces  the  oppo- 

r 

lite  effeft,  by  diminishing  it's  expanfive  power.  In 
order  then  to  determine  the  elaflicity  of  a  mafs  of 
air,  it  is  not  fuflxcient  to  know  it's  denfity  ;  you  muft 
likewife  know  it's  degree  of  heat.  In  order  to  fet 
this  in  a  clear  light.  Let  us  fuppofe  two  chambers 
clofely  ftiut  on  all  fides,  but  united  by  a  door  of  com- 
munication ;  and  that  the  heat  in  both  is  equal.  In 
order  to  this  the  air  in  bpth  chambers  muft  have  the 
fame  degree  of  denfity.  For  were  the  air  more  denfe, 
and  confequently  more  elaftic,  in  the  one  than  in  the 
other,  part  of  it  would  efcape  from  the  one,  and  force 
it's  way  into  the  other,  till  the  denfity  in  both  were 
the  fame,  B\it  let  us  fuppofe  that  one  of  the  cham- 
bers has  become  hotter  than  the  other,  the  air  thereby 

acquiring 
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acquiring  a  greater  elafticity,  would  of  courfe  force 
itfelf  into  the  other,  and  reduce  that  which  it  found 
there  into  a  finaller  fpace,  till  the  elafticity  in.  both 
chambers  was  brought  to  the  lame  degree.  During 
this  change  there  will  be  a  current  of  air,  through  the 
door,  from  the  chamber  which  is  more,  into  that 
which  is  lefs  heated ;  and  when  the  equilibrium  is 
reftored,  the  air  will  be  more  rarefied  in  the  warm 
apartment,  and  more  condenfed  in  the  cold ;  and  yet 
the  elafticity  of  both  will  be  the  fame.  From  this  it 
clearly  follows,  that  two  maffes  of  air  of  different 
denfity,  may  have  the  fame  elafticity,  when  the  one 
is  hotter  than  the  other ;  and  this  circumftance  taken 
into  confideration,  it  may  happen,  that  with  the 
fame  degree  of  denfity,  they  may  be  endowed  with 
different  degrees  of  elafticity. 

What  I  have  faid  of  two  chambers  may  be  applied 
to  two  countries ;  and  hence  it  may  be  concluded, 
that  when  one  country  becomes  warmer  than  the 
other,  there  muft  of  neceffity  be  a  current  of  air  from 
the  one  to  the  other :  and  from  this  refults  the  wind. 

Here,  then,  is  one  fruitful  fource  of  winds,  though 
there  are  perhaps  others,  which  confift  in  the  dif- 
ferent degrees  of  heat,  which  prevail  in  different  re- 
gions of  the  earth ;  and  it  is  demonftrable,  that  the 
whole  air  which  furrounds  the  earth  could  not  be  in 
a  ftate  of  reft,  unle£s  that,  univerfaUy,  at  equal  heights, 
there  were  found  the  fame  degree,  not  only  of  *  den* 
fity,  but  likewife  of  heat.  And  fhould  it  happen 
that  there  were  no  wind  over  the  whole  furface  of 
the  earth,  it  might  with  certainty  be  concluded,  that 
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the  air  would-likewife  be  every  where  equally  denfe 
and  warm  at  equal  heights.  !{ow  as  this  never  hap- 
pens, there  muft  of  neceffity  always  be  winds,  at  leaft 
in  fome  regions.  But  thefe  winds  are,  for  the  moft 
part,  to  be  met  with  only  on  the  furface  of  the  earth ; 
and  the  higher  you  rife,  the.lefs  violent  winds  are. 
Winds  are  hardly  perceptible  at  the  fummit  or  very 
high  mountains  ;#  there  perpetual  tranquillity  reigns; 
from  which  it  is  impoffible  to  doubt,  that  at  con- 
fiderable  elevations,  the  air  is  always  in  a  ftate  of  reft. 
Hence  it  follows,  that  in  regions  remarkably  ele- 
vated, there  univerfally  prevails  all  over  the  earth, 
the  fame  degree  of  denfity  and  heat ;  for  were  it 
hotter  in  one  place  than  in  another,  the  air  .could  not 
be  in  a  ftate  of  reft.  And,  as  there  is  no  wind  in 
thefe  elevated  regions,  it  muft  neceffarily  follow,  that 
the  degree  of  heat  there  muft  be  univerfally  and  al- 
jvays  the  fame ;  which  is  a  very  farprizing  paradox, 
conlidering  the  great  variations  of  heat  and  cold 
which  we  feel  on  the  furface  of  the  earth,  during  the 
dourie  of  a  year,  and  even  of  one  day ;  without  tak. 
ing  into  the  account  the  difference  of  climate,  that  is, 
the  intolerable  heats  felt  under  the  equator,  and  the 

^  *  This  does  not  appear  pejfe&ly  exadfc.  A  perpetual  current  of 
wind,  from  eaft  to  weft,  mud  be  produced  by  the  motion  of  the 
earth's  rotation.  It  refults,  likewife,  from  M.  d*Alembert's  theory 
t>f  winds.  Beiides,  the  attraction  of  the  moon,  which  is  capable 
t>f  tailing  the  waters  of  the  globe,  undoubtedly  communicates  fome 
motion  to  the  atmofpherev  Here,  then,  we  have  fuperior  currents. 
'  ;When  aeroftation  is  carried  to  perfection,  it  will,  perhaps,  pror 
cure  uf  fatisfying  information  refpe&ing  this  article  of  meteoro- 

h&XF/k   '  '-  ■■■•.-■ 
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dreadful  cold  which  ever  prevails  toward  the  poles 
of  the  earth.  Experience  itfelf,  however,  confirms 
the  truth  of  this  aftonilhing  fa£L  The  fhow  and  ice 
remain  equally,  fummer  and  winter,  on  the  moun* 
tains  of  Switzerland,  and  are  equally  unchangeable 
on  the  Cordeliers,  lofty  mountains  of  Peru,  fituated 
under  the  very  equator,  and  where  there  perpetually 
reigns,  neverthelefs,  a  cold  as  exceffive  as  that  of  the 
polar  regions.  The  height  of  thefe  mountains  is  not 
a  German  mile,*  or  24,000  feet.  From  this  it  may 
be,  with  confidence,  concluded,  that  were  it  poffible 
for  us  to  afcend  to  the  height  of  24,000  feet,  above 
the  earth,  we  fliould  always  and  universally  meet 
with  the  lame  degree  of  cold,  and  that  cold  excet 
lively  fevere.f  We  fhould  remark  there  no  fenfihle 
difference  during  either  fummer  or  winter,  under 
the  equator,  or  near  the  poles.  At  this  height,  and 
ftill  higher,  the  ftate  of  the  atmofphere  is  univerfallyf 
and  at  all  feafons,  the  fame ;  and  the  variations  of 
heat  and  cold  take  place  near  the  furface  of  the  earth 
alone*.  It  is  only  in  thefe  inferior  regions,  that  the 
efieA  of  the  rays  of  the  fun  becomes  perceptible. 
Yqu  have,  undoubtedly,  fome  curiofity  to  know  the 
reafon  pf  this.  It  fhall  be  the  fubjeft  of  the  follow- 
ing letter. 

$iftMoy,  1760. 

♦  About  4  3 -5th*  miles,  Englift. 
,  f  M.  Charles,  in  his  aerial  voyage  of  the  lft  Dec.  17839  felt 
this  change  pf  temperature  in  a  very  fenfible  manner ;  for  then,  on 
the  furface  of  the  earth,  the  fluid  in  the  thermometer  ftood  at  70 
above  tne  freezing  point,  and  after  about  xo  minutes  of  afcenfion, 
it  had  fallen  to  5*0  below  it.— P.  E.  

-      i  LETTER 
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LETTER  XVI. 

The  Cold,  felt  on  high  Mountains  and  at  great  Depths  y. 

accounted  for* 

IT  appears  very  furprifing,  that  we  fliould  feel  the 
fame  degree  of  cold  in  all  regions,  after  we  have 
rifen  to  a  certain  height,  fay  24,000  feet ;  confider- 
ing  that,  the  variations  with  refpeft  to  heat,  on  the 
earth,  iiot  only  in  different  climates,  but  in  the  fame 
country,  at  diflferent  feafons  of  the  year,  are  fo  per- 
ceptible. This  variety,  which  takes  place  at  the  fur- 
face  of  the  globe,  is  undoubtedly  occafioned  by  the 
fun.  It  appears,  at  firft  fight,  that  his  influence  muft 
be  the  fame  above  and  below,  efpecially  when  we  re- 
fled,  that  a  height  of  24,000  feet,  or  a  mile,  though 
very  great  with  refpeft  to  us,  and  even  far  beyond 
tfye  height  of  the  loftieft  mountains,  is  a  mere  nothing, 
Qpmpared  to  the  diftance  of  the  fun,  which  is  about 
thirty  millions  of  miles.*  This  is,  therefore,  a  very 
important  difficulty,  which  we  mull  endeavour  to 
folve.  For  this  purpofe  I  begin  with  remarking, 
that  the  rays,  of  the  fun  do  not  communicate  heat  to 
any  bodies,  but  fuch  as  do  not  grant  them  a  free  paf- 
fage.  You  know  that  bodies,  through  which  we 
can  difcern  objefts,  are  denominated  imnfparent,  peU 
lucid,  and  diaphonous.    Thefe  bodies  are  glafs,  cryfta], 

*  Mr.  Euler  always  means  German  miles,  of  4000  fathoms 
each,  or  Tome  what  under  4  3-cths  miles  EnglUh.— - E.  E. 

:  r  r  diamond, 
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diamond,  water,  and  feveral  other  liquids,  though 
ibme  are  more  or  lefs  tranfparent  than  others.  One 
of  thefe  tranfparent  bodies  being  expofed  to  the  fun, 
is  not  heated  to  fuch  a  degree  as  a  body  not  tranfpa- 
rent, as  wood,  iron,  &c.  Bodies  not  tranfparent  are 
denominated  opaque.  A  burning-glafs,  for  example, 
by  tranfmitting  the  rays  of  the  fun,  fets  on  fire  opaque 
bodies,  while  the  glafs  itfelf  is  not  fenfibly  heated. 
Water  expofed  to  the  fun  becomes  fomewhat  warm, 
only  becaufe  it  is  not  perfectly  tranfparent ;  when 
we  fee  it  confiderably  heated  by  the  fun  at  the  brink 
of  rivers,  it  is  becaufe  the  bottom,  being  an  opaque 
body,  is  heated  by  the  rays  which  the  water  tranf- 
mits.  Now,  every  heated  body  communicates  that 
heat  to  all  adjoining  bodies ;  the  water  accordingly 
derives  heat  from  the  bottom.  If  the  water  be  very 
deep,  fo  that  the  rays  cannot  penetrate  to  the  bot- 
tom, it  has  no  perceptible  heat,  though  the  fun  bears 
upon  it. 

As  air  is  a  very  tranfparent  body  to  a  much  higher 
degree  than  glafs  or  water,  it  follows  that  it  cannot 
be- heated  by  the  fun,  becaufe  the  rays  are  freely 
tranfmitted  through  it.  The  heat  which  we  fre- 
quently feel  in  the  air  is  communicated  to  it  by 
opaque  bodies,  which  the  rays  of  the  fun  have  heat- 
ed ;  and  were  it  poffible  to  annihilate  all  thefe  bodies, 
the  air  would  fcarcely  undergo  any  change  in  it's 
temperature  by  the  rays  of  the  fun  :  expofed  to  it  or 
not  it  would  be  equally  cold.  But  the  atmofphere 
is  not  perfe&ly  tranfparent :  it  is  even  fometimes  fo 
loaded  with  vapours,  that  it  lofes  almoft  entirely  it's 

tranfparency, 
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tranfparency,  and  prefents  only  a  thick  fog.  When 
the  air  is  in  this  ftate,  the  rays  of  the  fun  have  a 
more  powerful  influence  upon  it,  and  heat  it  imme- 
diately. 

But  thefe  vapours  rife  to  no  great  height ;  at  the 
height  of  34,000  feet,  and  beyond^  the  air  is  fo  fub- 
tile  and  fo  pure,  that  it  is  perfeftly  tranfparent ;  and 
for  this  reafon  the  rays  of  the  fun  cannot  immediate- 
ly produce  any  effeft  upon  it.  This  air  is  likewife 
too  remote  from  terreftrial  bodies  to  receive  a  com- 
munication  of  heat  from  them ;  they  aft  only  upon 
fuch  as  are  adjacent.  Hence  you  will  eafily  perceive 
that  the  rays  of  the  fun  cannot  produce  any  effeft  in 
regions  of  the  air  very  much  elevated  above  the  fur- 
face  of  the  earth ;  and  that  the  fame  degree  of  cold 
mufl  always  and  univerfally  prevail  in  fuch  regions, 
as  the  fun  has  no  influence  there,  and  as  the  heat  of 
terreftrial  bodies  cannot  be  communicated  fo  far. 
This  is  nearly  the  cafe  on  the  fummit  of  very  high 
mountains,  where  it  is  always  much  colder  than  on 
plains  and  in  vallies.* 

*  There  arc  clouds,  however,  above  thefe  mountains,  and  in 
almoft  as  great  a  quantity  as  above  the  plains,  which  is  demon- 
ftrated  by  the  fnows  which  cover  jhe  higheft  fummits.  There 
are  few.  naturalifts  who  have  not  been  furprifed  by  clouds  in  their 
excurfions  upon  the  mountains.  The  heat  that  is  felt  when  fuch 
clouds  are  formed  muft  be  attributed  almoft  entirely  to  the  tranf- 
miffion  of  the  water  which  found  itfelf  dhTolved  in  the  air,  under 
the  form  of  elaftic  fluid,  to  a  liquid  ftate.  The  heat  of  the  folar 
fays,  intercepted  by  the  cloud,  can  produce  no  change  in  the  in- 
ferior temperature,  as  it  would  have  been  tranfmitted  from  the 
ground.— F.  E. 

The 
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The  city  of  Quito,  in  Peru,  is  almoft  under  the 
equator,  and  were  we  to  fccm  our  judgment  from 
it's'  fituation  on  the  globe,  we  would  fuppofe  it  op- 
preffed  with .  intolerable  heat  y  the  air,  however,  is 
abundantly  temperate,  and  differs  very  little  from 
that  of  Paris.  Quito  is  fituated  at  a  great  height 
above  the  real  furface  of  the  earth.  In  going  to  it 
from  the  fea  fhore  you  have  to  afcend  for  feveral 
days ;  it  is  accordingly  built  in  an  elevation  equal  "to 
that  of  our  higheft  mountains,  though  furrounded 
by  others  ftill  much  higher,  called  the  Cordeliers. 
This  laft  circumftance  would  afford  a  rcafon  for 
thinking  that  the  air  there  muft  be  as  hot  as  at  the 
furface  of  the  earth,  as  it  is  contiguous  on  all  fides  to 
opaque  bodies,  on  which  the  rays  of  the  fun  falL 
The  objection  is  folid ;  and  no  folution  can  be  given 
but  this.  That  the  air  at  Quito,  being  very  elevated, 
muft  be  much  more  fubtile,  and  of  lefs  gravity  than 
with  us ;-  and  the  barometer,  which  always  ftands 
considerably  ld^yer,  inconteftably  proves  it. 

Air  of  fuch  a  quality  is  not  fo  fufceptible  of  heat 
as  common  air,  as  it  muft  contain  lefs  vapour  and 
other  particles  which  ufually  float  in  the  atmofphere  j 
and  we  know  by  experience  that  air  very  much 
loaded  is  proportionably  fufceptible  of  heat.  I  muft 
here  fubjoin  another  phenomenon  no  lefs  furprifingj 
In  very  deep  pits,  and  lower  ftill,  if  it  were  ftill  pof- 
fible  to  defcend,  the  fame  degree  of  heat  always  and 
univerfally  prevails,  and  nearly  for  the  fame  reafon. 
As  the  rays  of  the  fun  exert  their  influence  only  on 
the  furface  of  the  earth,  and  as  the  heat  which  they 

there 
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there  texcite  communicates  itfelf  up  and  down,  this 
effeft  at  very  great  depths  is  almoft  imperceptible- 
The  fame  thing  holds  refpe&ing  confiderable  heights* 
This  elucidation  will,  I  flatter  myfelf,  prove  fatisfac- 
tory** 

id June ,  1760.  

LETTER 

•  The  reafon  which  Profeflbr  Euler  afligns  for  the  cold  that 
prevails  in  the  higher  regions  of  the  atmofphere  feems  plaufible, 
but  will  not  (land  an  accurate  examination.  Light  is  much  im- 
paired in  it's  paffage  through  the  atmofphere,  and  the  heat  com- 
municated is  in  every  cafe  proportional  to  the  quantity  of  abforp- 
tion.  It  appears,  from  fome  ingenious  experiments  of  M.  Bou- 
guer,  that  we  receive  only  four-fifths  of  the  rays  of  a  vertical  fun ; 
and  when  that  luminary  approaches  the  horizon,  the  portion  of 
his  light  which  reaches  the  furface  of  the  earth,  is  much  fmaller. 
Thus  at  an  elevation  of  20  degrees  it  is  one  half;  at  that  of  10  de- 
grees one  third ;  and  at  that  of  five  degrees  one-eighth.  Hence 
the  fun -beams  are  moll:  powerful  on  the  fummits  of  lofty  moun- 
tains, for  they  fuffer  the  greateft  diminution  in  palling  through 
the  denfe  air  of  the  lower  regions.  If  the  air  derived  it's  heat 
from  the  furface  of  the  earth,  thofe  countries  would  be  warmed 
which  enjoyed  the  greateft  quantity  of  fun-fhine.  The  Britifli 
iflands  are  fhrouded  in  clouds  nine  months  of  the  year;  yet  our 
climate  is  milder  than  that  of  the  fame  parallel  on  the  Continent, 
where,  the  iky  is  generally  ferene.  The  elevated  town  of  Quito, 
expofed  to  a  brilliant  fun,  enjoys  a  temperate  air;  while  the  Pe- 
ruvian plains,  {haded  with  fleecy  clouds,  are  parched  with  heat. 
Were  the  reafoning  in  the  text  to  be  admitted,  we  would  conclude 
that  the  tops  of  mountains  are  warmer  than  their  bafes.  To  fay 
that  air,  much  rarefied,  is  not  fufceptible  of  heat,  is  a  very  extra- 
ordinary aiTertion,  fince  we  are  acquainted  with  no  fubilance  what- 
ever that  may  not  be  heated.  Befides,  a  more  intenfe  cold  may 
be  artificially  produced  than  what  prevails  in  the  lofty  regions  of 
the  atmofphere.     We  muft  recur  to  other  principles  for  the  true 
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LETTER  XVH. 

Of  Light,  and  the  Syjiems  of  Def cartes  and  Newton* 

TTAVING  lpoken  of  the  rays  of  the  fun,  which 
are  the  focus  of  all  the  heat  and  light  that  we 
enjoy,  you  will  undoubtedly  afk,  What  are  thefe 
rays  ?  This  is  beyond  queftion  one  of  the  moft  im- 
portant inquiries  in  phyfics,  as  from  it  an  infinite 

number 

.  folution  of  the  fa&.  It  is  indifferent  what  portion  of  the  air  firft 
receives  the  heat ;  the  effect  depends  entirely  on  the  nature' of  it's 
diftribution.  If  the  atmofphere  were  of  an  uniform  denfity  through- 
out, the  heat  would  at  all  heights  be  likewife  the  fame.  But  a* 
the  denfity  vanes  according  to  the  altitude,  the  diftribution  of 
heat  is  affected  by  that  circuinftance,  and  follows  a  certain  corre- 
fponding  law.  I  would  gladly  develope  the  principles  from  Which 
this  theory  is  deduced,  but  the  popular  nature  of  the  prefent  trca- 
tife  forbids  all  abftralt  difcuflion.  I  (hall  therefore  content  myfelf 
with  giving  a  table  of  the  diminution  of  heat  at  different  altitudes. 


Altitude  in  feet. 

Diminution  of  heat,  in  degrees, 

of  Farenheit, 

3,000    ~ 

— * 

— 

—       12° 

6,000    — 

— 

— 

—    *4* 

9,000    — 

— 

— 

-    38 

12,000    — 

— 

— 

~      Pi 

15,000    — 

— 

— • 

—  68| 

—  86| 

—  944 

18,000    — 

— 

— 

21,000    — 

— 

~ 

The  diminution  of  heat,  on  the  afcent,  is  not  quite  fo  great  in 
extenfive  continents ;  for  the  intercourfe  between  the  rare  and  the 
denfe  portions  of  the  atmofphere  is,  in  this  cafe,  neceffajrily  flow, 
and  the  heat,  which  is  principally  formed  at  the  furface,  will  only 
be  partially  difperfed. 
'        Vol.  I.  F,  It 
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number  of  phenomena  is  derived.  Every  thing  that 
refpefts  light,  and  that  renders  objects  vifible,  is 
clofely  connected  with  this  inquiry.  The  ancient 
phUofophers  feem  to  have  taken  little  intereft  in  the 
folution  of  it.  They  contented  themfelves  with  fay- 
ing that  the  fun  is  endowed  with  the  quality  of 
fhining,  of  giving  heat  and  light.  But  is  it  not 
worth  while  to  inquire,  Wherein  does  this  quality 
£onfift  ?  Do  certain  portions,  inconceivably  fmall,  of 
the  fun  himfelf,  or  of  his  fubftance*  come  down  to 

It  is  a  common  miftake  to  fuppofe,  that  the  fame  heat  obtains, 
at  a  certain  depth,  in  every  part  of  the  globe.  The  faft  is,  that 
heat,  originally  derived  from  the  fun,  is  communicated  very  {lowly 
to  the  matter  below  the  fqrface,  which,  therefore,  does  not  feel 
the  viciffitude  of  feafona,  but  retains  the  average  temperature  of 
the  climate  for  many  ages.  Hence  the  utility  of  examining  the 
heat  of  fprmgs,  which  is  the  fame  with  that  of  the  fubftances 
through  which  they  flow.  The  following  table  exhibits  the  ave- 
rage heat  of  places  on  the  level  of  the  fea,  computed  by  the  cele- 
brated aftrooomer,  Profefibr  Meyer,  for  every  five  degrees  of  la- 
titude. 


titud 

c 

Average  Temperature. 

Latitude. 

Average  Temperature 

O 

— 

— » 

8+» 

5° 

— 

-    534° 

5 

— 

— 

8a| 

8o| 

55 

— 

—    49 

IO 

— 

—. 

60 

— 

—    45 

JS, 

— 

— 

65 

— 

-    4«i 

20 

— 

-*- 

7\ 

70 

— - 

~     JB 

*5 

— 

— 

74* 

75 

— - 

—  3Si 

—  32} 

30 

— 

— - 

7i 

80 

— 

35 

— 

«— 

67 

85 

— 

40 

— 

— 

62i 

90 

— — 

—     3* 

45 

— • 

-*- 

S» 

By  comparing  this  table  with  the  preceding,  it  is  eafy  to  dis- 
cover, for  any  latitude,  the  altitude  of  the  curve  of  congelation* 
of  where  the  average  temperature  is  320. — E.  E. 

US? 
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us  ?  Or  is  the  tranfmiifion  fimilar  to  the  found  of  a 
bell,  which  tljp  ear  receives  ?  though  no  part  of  the 
fubftance  of  the  bell  be  feparated  from  it,  as  I  obferv- 
cd  in  explaining  the  propagation  and  perception  of 
found* 

Defcartes,  the  firft  of  modern  philofophers,  main- 
tained this  laft  opinion,  and  having  filled  the  whole 
univerfe  with  a  fubtile  matter  compofed  of  fmall 
globules,  which  he  calls  the  fecond  element,  he  fup- 
pofes  that  the  fun  is  in  a  ftate  of  continual  agitation, 
which  he  tranfinits  to  thefe  globules,  and  pretends 
that  they  again  communicate  their  motion  in  an  in- 
ftant  to  every  part  of  the  univerfe.  But  fince  it  has 
been  difcovered  that  the  rays  of  the  fun  do  not  reach 
us  inftantaneoufly,  and  that  they  take  eight  minutes 
to  fly  through  that  immenfe  diftance,*  the  opinion 
of  Def cartes  i  which  laboured  befide  under  other  dif- 
ficulties, has  been  given  up. 

The  great  Newton  afterwards  embraced  the  former 
fyftem,  and  maintained  that  the  luminous  rays  are 
really  feparated  from  the  body  of  the  fun,  and  the 
particles  of  light  thence  emitted  with  that  inconceiv- 
able velocity  which  brings  them  down  to  us  in  about 
eight  minutes.  This  opinion,  which  is  that  of  moft 
modern  philofophers,  particularly  the  Englifli,  is 

*  This  important  fad:  was  difcovered  toward  the  end  of  the  laft 
century  by  Roemer,  a  learned  Dane,  of  the  ancient  Academy  of 
Sciences.  It  was  an  inequality  of  the  fatellites  of  Jupiter  which 
led  him  to  it.  The  caiife  of  this  aberration,  difcovered  by  Brad- 
ley in  1728,  incontcftably  demonftrates  the  fame  phenomenon.— 
F.  £. 

F  2  called 
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called  thefyjlem  of  emanation  ;  it  being  imagined  that 
rays  emanate  from  the  fun  andr  other  luminous  bo- 
dies, as  water  emanates  or  fprings  from  a  fountain. 

This  opinion  appears  at  firft  fight  very  bold,  and 
irreconcileable  to  reafon.  For  were  the  fun  emitting 
continually,  and  in  all  directions,  fuch  floods  of  lu- 
minous matter,  with  a  velocity  fo  prodigious,  he 
muft  fpecdily  be  exhaufted,  or  at  leaft  fome  altera-  ' 
tion  muft,  after  the  lapfe  of  fo  many  ages,  be  percep- 
tible. This,  however,  is  contradifted  by  obfervation. 
'  It  cannot  be  a  matter  of  doubt,  that  a  fountain  which 
fliould  emit  ftreams  of  water  in  all  directions,  would 
be  exhaufted  in  proportion  to  the  velocity  of  the 
emiffion ;  much  more  the  fun,  whofe  rays  are  emit- 
ted with  a  velocity  fo  inconceivable.  Let  the  particles 
of  which  rays  of  light  are  formed  be  fuppofed  as  fub- 
tile  as  you  pleafe,  nothing  will  be  gained :  the  fyftem 
will  ever  remain  equally  untenable.  It  cannot  be  af- 
firmed that  this  emanation  is  not  made  in  all  direc- 
tions :  for,  wherever  you  are  placed,  the  whole  fun 
is  vifible,  which  proves  inconteftably,  that  rays  from 
every  point  of  the  fun  are  emitted  toward  the  fpot 
which  you  occupy.  The  cafe  is  very  different  from 
that  of  a  fountain,  which  fliould  emit  ftreams  of 
water  in  all  directions.  For  one  point  in  the  foun- 
tain could  furnilh  only  one  ftream  direfted  to  a  par- 
ticular fpot,  but  every  point  of  the  fun's  furface  muft 
emit  an  infinite  number,  diffufing  themfelves  in  all 
direftions.  This  circumftance  alone  infinitely  in- 
creafes  the  expenditure  of  luminous  matter,  which 
the  fun  would  have  to  make. 

Another 
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Another  difficulty,  and  which  appears  squally  in- 
fuperable,  is,  that  the  fun  is  not  the  only  body  which 
emits  rays,  but  that  all  the  ftars  have  the  lame  qua- 
lity :  and  as  every  where  the  rays  of  the  fun  muft  be 
eroffing  the  rays  of  the  ftars,  their  collifion  muft  be 
violent  in  the  extreme.  How  muft  their  direction 
be  changed  by  fuch  collifion !  This  collifion  muft 
take  place  with  refpect  to  all  luminous  bodies,  vifible 
at  the  fame  time.  Each,  however,  appears  diftinftly, 
without  fuffering  the  flighteft  derangement  from  any 
other:  a  certain  proof  that  many  rays  may  pafs 
through  the  fame  point,  without  difturbing  each 
other,  which  feems  irreconcileable  to  the  fyftem  of 
emanation.  Let  two  fountains  be  fet  a  playing  upon 
each  other,  and  you  will  immediately  perceive  their 
different  ftreams  difturbed  and  confounded :  it  muft 
of  confequence  be  concluded,  that  the  motion  of  the 
rays  of  light  is  very  effentially  different  from  that  of 
a  jet  d'eaU)  and  in  general  from  all  fubftances  forcibly 
.emitted. 

Confidering  afterwards  tranfparent  bodies  through 
which  rays  are  freely  tranfmitted  in  all  direftions, 
the  fupporters  of  this  fyftem  are  under  the  neceflity 
pf  affirming  that  tfyefe  bpdies  contain  pores,  difpofed 
in  ftraight  lines,  which  iffue  fjrom  every  point  of  the 
furface,  and  proceed  in  all  directions ;  it  being  in- 
conceivable  how  there  cquIcJ  be  any  line  through 
which  a  ray  of  the  fun  might  be  tranfmitted  with 
fiich  amazing  velocity,  and  even  without  the  flight- 
pft  collifion.    Here  then  are  bodies  wonderfully  por 

F  ^  rous, 
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rous,  which  have  the  appearance,  neverthelefs,  of 
being  extremely  folid. 

Finally,  in  order  to  enjoy  vifion,  the  rays  muft 
enter  into  the  eye,  and  penetrate  it's  fubftance  with 
the  fame  velocity.  All  thefe  difficulties,  taken  toge- 
ther, will,  I  doubt  not,  fufficiently  convince  you, 
that  the  fyftem  of  emanation  has  in  no  refpeft  a 
foundation  in  nature ;  and  you  will  certainly  be  af- 
toniflied  that  it  could  have  been  conceived  by  fo 
great  a  man,  and  embraced  by  fo  many  enlightened 
philofophers.  But  it  is  long  fince  Cicero  remarked, 
that  nothing  fo  abfurd  can  be  imagined  as  to  find  no 
fupporter  among  philofophers.  For  my  part,  I  am 
too  little  a  philofopher  to  adopt  the  opinion  in  que£ 
tion. 

Itb  June,  1760. 
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Difficulties  attending  the  Syjiem  of  Emanation. 

TTOWEVER  ftrange  the  doArine  of  the  celebrated 
■*■  ■*•  Newton  may  appear,  that  rays  proceed  from 
the  fun  by  a  continual  emanation,  it  has,  however, 
been  fo-  generally  received,  that  it  requires  an  effort 
of  courage  to  call  it  in  queftion.  What  has  chiefly 
contributed  to  this  is,  no  doubt,  the  high  reputation 
of  the  great  Englifh  philofopher,  who  firft  difcovered 
the  true  laws  of  the  motions  of  the  heavenly  bodies  * 

and 
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and  it  is  this  very  difcovery  which  led  him  to  the 
fyftem  of  emanation. 

Def cartes  i  in  order  to  fupport  his  theory,  was 
under  the  neceffity  of  filling  the  whole  fpace  of  the 
heavens  with  a  fiibtile  matter,  through  which  all  the 
celeftial  bodies  move  at  perfe&  liberty.  But  it  is 
well  known  that  if  a  body  moves  in  air,  it  muft 
meet  with  a  certain  degree  of  refiftance ;  from  which 
Newton  concluded,  that  however  fubtile  the  matter 
of  the  heavens  may  be  fuppofed,  the  planets  muft 
encounter  fome  refiftance  in  their  motions.  But, 
faid  he,  this  motion  is  not  fubjeft  to  any  refiftance : 
the  immenfe  fpace  of  the  heavens,,  therefore,  con* 
tains  no  matter.  A  perfect  vacuum,  then,  univer* 
fally  prevails.  This  is  one  of  the  leading  doctrines 
of  the  Newtonian  philofophy,  that  the  immenfity  of 
the  univerfe  contains  no  matter  in  the  fpaces  not 
occupied  by  the  heavenly  bodies.  This  being  laid 
down,  there  is  between  the  fun  and  us,  or  at  leaft 
from  the  fun  down  to  the  atmofphere  of  the  earth; 
an  abfolute  vacuum.  In  truth,  the  farther  we  a£ 
eend,  the  more  fubtile  we  find  the  air  to  be ;  front 
whence  it  would  apparently  follow,  that  at  length 
the  air  would  be  entirely  loft.  If  the  fpace  between 
the  fun  and  the  earth  be  an  abfolute  vacuum,  it  is 
impoffible  that  the  rays  fhould  reach  us  in  the  way 
of  communication,  as  the  found  of  a  bell  is  trans- 
mitted by  means  of  the  air.  For  if  the  air,  inter* 
vening  between  the  bell  and  our  ear,  were  to  be  an- 
nihilated, we  fliould  abfolutely  hear  nothing,  let  the 
bell  be  ftruck  ever  fb  violently. 

F  4  Having 
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Having  eftablifhed,  then,  a  perfeA  vacuum  between 
the  heavenly  bodies,  there  remains  no  other  opinion 
to  be  adopted  but  that  of  emanation ;  which  obliged 
Newton  to  maintain,  that  the  fun  and  all  other  lu- 
minous bodies  emit  rays  which  are  always  particles, 
infinitely  fmall,  of  their  mais,  darted  from  them 
with  incredible  force.  It  muft  be  fuch  to  a  very 
high  degree,  in  order  to  imprefs  on  rays  of  light 
that  inconceivable  velocity  with  which  they  come 
from  the  fun  to  us  in  the  fpace  of  eight  minutes. 
But  let  us  fee  whether  this  theory  be  confiftent  with 
Newton's  leading  do&rine,  which  requires  an  abfo 
lute  vacuum  in  the  heavens,  that  the  planets  may 
encounter  no  manner  of  refiftance  to  their  motions* 
You  muft  conclude,  on  a  moment's  refleftion,  that 
the  fpace  in  which  the  heavenly  bodies  revolve,  in» 
ftead  of  remaining  a  vacuum,  muft  be  filled  with 
the  rays,  not  only  of  the  fun,  but  likewife  of  all  the 
other  ftars  which  are  continually  paffing  through  it 
from  every  quarter,  and  in  all  directions,  with  incre- 
dible rapidity.  The  heavenly  bodies  which  trayerfe 
thefe  fpaces,  ijiftead  c£  encountering  a  vacuum,  will 
meet  with  the  matter  of  luminous  rays  in  a  terrible 
agitation,  which  muft  difturb  thefe  bodies  in  their 
motions  much  more  than  if  it  were  in  a  ftate  of  reft. 

Thus  Newton,  apprehenfive  left  a  fubtile  matter, 
fuch  as  Defcartes  imagined,  fhould  difturb  the  mor 
tions  of  the  planets,  had  recourfe  to  a  very  ftrange 
expedient,  and  quite  contradi&ory  to  his  own  inten- 
tion, as,  on  his  hypothefis,  the  planets  muft  be  ex* 
pofed  to  a.  derangement  infinitely  more  confiderable, 

I  Jhave 
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I  have  already  fubmitted  to  you  feveral  other  infu- 
perable  objeftions  to  the  fyftem  of  emanation ;  and 
we  have  now  feen  that  the  principal  and  indeed  the 
only  reafon  which  could  induce  Newton  to  adopt  it, 
is  fo  felf-contradi&ory  as  wholly  to  overturn  it.  All 
thefe  confiderations  united,  leave  us  no  room  to  he- 
fitate  about  the  reje&ion  of  this  ftrange  fyftem  of 
the  emanation  of  light,  however  refpeftable  the  au- 
thority of  the  philofpher  who  invented  it. 

Newton  was,  without  doubt,  one  of  the  greateft 
geniufes  that  ever  exifted.  His  profound  know- 
ledge, and  his  acute  penetration  into  the  moft  hid- 
den myfteries  of  nature,  will  be  a  juft  objeft  of  ad- 
miration to  the  prefent,  and  to  every  future  age. 
But  the  errors  of  this  great  man  fhould  ferve  to  ad- 
monilh  us  of  the  weaknefs  of  the  human  underftand- 
ing,  which,  after  having  foared  to  the  greateft  pot 
fibje  heights,  is  in  danger  of  plunging  into  manifeft 
contradiftion.* 

iotb  $une,  1769.  

JLETTER 

♦  Tht  pious  as  well  as  learned  and  ingenious  Author,  in  the  firft 
edition  of  thefe  Letters,  fubjdined  to  this  reflexion  on  Newton1* 
do&rine  of  emanation  a  feries  of  reflexions  which  do  equal  honour 
to  his  underftanding  and  his  heart.  The  French  Editor,  for  what 
reafon  it  does  not  appear,  has  thought  proper  to  fupprefs  them. 
Could  he  imagine  a  philofophical  work  difgraced  by  a  modeft  and 
not  unfeafonable  inf  ufion  of  religious  fentlment  ?  Be  how  it  will, 
the  Englifli  Editor  felt  himfelf  obliged  to  reftore  the  paflagc,  in 

prefenting  the  too  long  neglected  Euler  to  the  Britifh  nation. 

It  follows  ; 

f*  If  we  are  liable  to  weakneffes  and  inconfiltencics  fo  humiliatr 
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LETTER  XIX. 

A  different  Syftem  refpefting  the  'Nature  of  Rays  and  of 

Light,  propofed. 

YOU  have  feen  that  the  fyftem  of  the  emanation 
of  the  rays  of  light  labours  under  infuperable 
difficulties,  and  that  the  doftrine  of  a  vacuum  for 
the  heavenly  bodies  to  range  in,  is  equally  untenable ; 
as  the  rays  of  light  would  completely  fill  it.  Two 
things,  then,  muft  be  admitted:  firft,  the  fpace 
through  which  the  heavenly  bodies  move  is  filled 
with  a  fubtile  matter ;  fecondly,  rays  are  not  an  ac- 
tual  emanation  from  the  fun  and,  other  luminous 
bodies,  in  virtue  of  which  part  of  their  fubftance  is 

"  ing,  in  our  refearcbes  into  the  phenomena  of  this  vifible  world, 
"  which  lies  open  to  the  examination  of  our  fenfes,  how  wretched 
•*  muft  we  have  been  had  God  left  us  to  ourfelves  with  refpedt  to 
things  irivifible*  and  which  concern  our  eternal  falvation  ?  On 
this  important  article  a  Revelation  was  abfolutely  necefTary  to 
w  us ;  and  we  ought  to  avail  ourfelves  of  it  with  the  moil  pro- 
**  foand  veneration.  When  it  prefents  to  us  things  which  may 
A'  appear  inconceivable,  we  have  but  to  reflect  on  the  imperfection 
**  of  human  underflanding,  which  is  fo  apt  to  be-mifled,  even  as 
**  to  fenfibl>e  objects.  Whenever  I  hear  a  pretended  Freethinker 
**  inveighing  againft  the  truths  of  religion,  and  even  fneering  at 
'*  it  with  the  moil  arrogant  felf-fufficiency,  I  fay  to  myfelf :  poor 
'*  weak  mortal,  how  inexpreifibly  more  noble  and  fubllme  are  the 
'•  fubje&s  which  you  treat  fo  lightly,  than  thofe  refpe&ing  which 
f*  the  great  Newton  wai  fo  grofsly  miftaken  !  I  could  wifti  your 
*'  Highnefs  to  keep  this  reflection  ever  in  remembrance :  occaiions 
"  for  making  it  occur  but  too  frequently.  "■*-£.  E. 

violently 
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violently  emitted  from  them,  according  to  the  doc- 
trine of  Newton.* 

That  fubtile  matter  which  fills  the  whole  fpace  in 
which  the  heavenly  bodies  revolve,  is  called  Ether* 
Of  it's  extreme  fubtilty  no  doubt  can  be  entertained* 
In  order  to  form  an  idea  of  it,  we  have  only  to  at- 
tend to  the  nature  of  air,  which,  though  extremely 
fubtile,  even  on  the  furface  of  the  earth,  becomes 
more  and  more  fo  as  we  afcend ;  and  entirely  ceafes, 
if  I  may  ufe  the  expreffion,  when  it  comes  to  be  loft 
in  the  ether.  The  ether,  then,  is  likewife  a  fluid  as 
the  air  is,  but  incomparably  finer  and  more  fubtile, 
as  we  are  affured  that  the  heavenly  bodies  revolve 

•  The  materiality  of  light  is  fupported  by  the  mod  convincing* 
proofs  that  phyiics  can  afford.     The  inflexion,  refra&ion,  and  re* 
fledion  of  it's  rays,  (hew  manifeftly  that,  like  other  bodies,  it  is  * 
fubjeft  to  attraction  and  repuliion ;  and  the  fimple  application  of 
the  dodtrine  of  forces  not  only  explains  fatisfadkorily  the  pheno- 
mena, but  affigns  the  precife  effects  with  the  moft  perfect  accuracy. 
The  difficulties  which  feem  to  attend  the  theory  of  emanation  ▼*■* 
niih  on  a  clofe  inveftigation.     So  vaft  is  the  tenuity  of  light,  that 
it  utterly  exceeds  the  powers  of  conception.     The  moft  delicate 
inftrument  has  never  been  certainly  put  in  motion  by  the  impulfe 
of  the  accumulated  fun-beams.     Even  on  the  moft  unfavourably 
fuppofition  it  appears  from   calculation  that,   in  the  fpace  of 
3 85,130,000  Egyptian  years  (of  360  days)  the  fun  would  lofo 


only  the  1 ,2 1 7 ,420th  of  his  bulk,  from  the  continual  efflux  of  light. 
On  the  fame  hypothecs  the  force  impreffed  upon  the  earth  by  each 
emiflion  is  fuch  as  would  make  it  recede  only  the  two  billionth 
part  of  an  inch  in  an  hundred  feconds,  and  it's  effe&,  during  a  fe-« 
ries  of  ages,  would  therefore  be  altogether  infeniible.  After  ftaN 
ing  numbers  of  a  fnagnitude  fo  enormous,  it  would  be  fuperflooutf 
to  confidcr  the  quantity  of  ftroke  which  the  eye  receives. 

freely 
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freely  through  it,  without  meeting  any  perceptible 
refiftance.  It  is  alfo  without  doubt  poffeffed  of  elaf- 
ticity, by  means  of  which  it  has  a  tendency  to  ex- 
pand itfelf  in  all  dire&ions,  and  to  penetrate  into 
{paces  where  there  would  otherwife  be  a  vacuum ; 
fo  that  if  by  fome  accident  the  ether  were  forced 
out  of  any  fpace,  the  furrounding  fluid  would  in- 
ftantly  rufli  in  and  fill  it  again. 

In  virtue  of  this  elafticity,  the  ether  is  to  be  found 
not  only  in  the  regions  which  are  above  our  atmo- 
Iphere,  but  it  penetrates  the  atmofphere  univerfally, 
infinuates  itfelf  by  the  pores  of  all  bodies,  and  pafles 
irrefiftibly  through  them-  Were  you,  by  the  help 
of  the  air-pump,  to  exhauft  the  air  from  a  receiver, 
you  muft  not  imagine  that  you  have  produced  an 
abfolute  vacuum;  for  the  ether,  forcing  itfelf  through 
the  pores  of  the  receiver,  completely  fills  it  in  an  in- 
ftant.  Having  filled  a  glafs  tube  of  the  proper  length 
with  mercury,  and  immerged  it,  when  inverted,  in 
the  ciftern,  in  order  to  make  a  barometer,  it  might 
be  fuppofed  that  the  part  of  the  tube  which  is  higher 
than  the  mercury  is  a  vacuum,  becaufe  the  air  is 
completely  excluded,  as  it  cannot  penetrate  the  pores 
of  glafs :  but  this  vacuum  which  is  apparent  only, 
is  undoubtedly  fupplied  by  the  ether,  infinuating  it* 
felf  without  the  fmalleft  difficulty. 

It  is  by  this  fubtilty  and  elafticity  of  ether  that  I 
fhall  by  and  by  explain  to  you  the  remarkable  phe- 
nomena of  electricity.  It  is  even  highly  probable 
that  ether  has  an  elafticity  much  fupexior  to  that  of 
?ur,  and  that  majiy  of  the  phenomena  of  nature  are 

produce4 
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produced. by  means  of  it.  For  my  oiwn  part  I  have 
no  doubt  that  the  compreffion  of  the  air  in  gun^ 
powder  is  the  effeft  of  the  elaftic  power  of  ether. 
And  as  we  know  by  experiment  that  the  air  in  it  is 
condenfed  almoft  1000  times  more  than  common 
air,  and  that  in  this  ftate  it's  elafticity  is  likewife 
iooo  times  greater,  the  elafticity  of  the  ether  muft 
in  this  cafe  be  fo  too,  and  confequently  iooo  times 
greater  than  that  of  common  air.  We  ftiall  then  have 
a  juft  idea  of  ether,  in ,'  confidering  it  as  a  fluid  in 
many  refpects  fimilar  to  air,  with  this  difference, 
that  ether  is  incomparably  more  fubtile  and  more 
elaftic* 

Having  feen  then  that  the  air,  by  thefe  very  qua* 
lities,  is  in  'a  proper  ftate  for  receiving  the  agitations 
or  fhakings  of  fonorous  bodies,  and  to  diffiife  them 
in  all  direftions,  as  we  find  in  the  propagation  of 
found,  it  is  very  natural  to  fuppofe  that  ether  may 
in  the  fame  circumftances  likewife  receive  agitations 
in  the  fame  manner,  and  tranfmit  them  to  the  great- 
eft  diftances.f     As  the  vibrations  of  the  air  produce 

founds 

*  This,  perhaps,  is  what  in  modern  times  they  denominate  the 
matter  of  heat. — JF.  E. 

t  The  hypothecs  of  an  ether  is  a  clumfy  attempt  to  preclude 
the  neceffity  of  admitting  aftion  at  a  diftance.  It  has  been  a  receiv- 
ed maxim,  that  caufe  and  effect  mud  exift  in  the  fame  place;  but 
the  leaft  reflection  will  convince  us  that,  were  this  principle  true, 
there  could  never  be  any  communication  of  motion.  The  diffi- 
culty is  really  the  fame,  to  conceive  action  exerted  at  the  diftance 
of  the  thouiandth  part  of  an  inch,  as  at  that  of  a  thoufand  miles. 
The  particles  of  matter  are  far  from  being  in  mutual  contact,  other- 

wift 
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found*  What  will  be  the  effeft  of  thofe  of  ether  ?  You 
will  undoubtedly  guefs  at  once  light.  It  appears  in 
truth  abundantly  certain,  that  light  is  with  refped 
to  ether,  what  found  is  with  refpeft  to  air ;  and  that 
the  rays  of  light  are  nothing  elfe  but  the  fhakings  or 
vibrations  tranfmitted  by  the  ether,  as  found  confifts 
in  the  ihakings  or  vibrations  tranfmitted  by  the  air. 

The  fun,  then,  lofes  nothing  of  his  fubftance  in 
this  cafe,  any  more  than  a  bell  in  vibrating ;  and,  in 
adopting  this  fyftem,  there  is  no  reafon  to  apprehend 
that  the  mafs  of  this  orb  fhould  ever  fuffer  any  di- 
minution. What  I  have  faid  of  the  fun  muft  alio  be 
extended  to  all  luminous  bodies,  fuch  as  fire,  a  wax 
taper,  a  candle,  &c. 

It  will,  undoubtedly,  be  obje&ed,  that  thefe  ter- 
reftrial  luminaries  evidently  wafte,  and  that  unlefs 
they  arc  continually  fed  and  kept  up,  they  will  be 
Speedily  extinguifhed ;  that  confequently  the  fun 
mull:  in  time  be  wafted  away,  and  that  the  parallel 
of  a  bell  is  not  accurate.  But  it  is  to  be  confider- 
cd,  that  thefe  fires,  befides  their  light,  throw  out 
finoke,  and  a  great  deal  of  exhalation,  which  muft 
be  carefully  diftinguifhed  from  the  rays  of  light. 
Now  the  fmoke  and  exhalation  evidently  occafion  a 
confiderable  diminution,  which  muft  not  be  imputed 

wife  all  bodies  would  have  the  fame  deniity,  and  be  totally  inca- 
pable of  compreffion.  Were  the  univerfe  an  abfolute  plenum^  mo- 
4i©n  and  animation  would  for  ever  ceafe.  To  afcribe  to  ether  an 
extreme  rarity,  and  at  the  fame  time  to  aflert  that  it  fills  all  fpace, 
and  pervades  all  bodies,  is  a  contradiction  in  terms.  But  the  hy- 
pothecs is  fo  big  with  abfurdity,  that  it  deferves  not  a  particular 
examination.    Ste  twte9  p.  41 . — E.  E. 

to 
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* 

to  the  rays  of  light  j  for  were  it  poffible  to  feparatc 
them  from  the  finoke  and  other  exhalations,  the  lu- 
minous quality  alone  would  occafion  no  expenditure* 
Mercury  may,  by  means  of  art,  be  rendered  lumi* 
nous,  as  you  have  probably  feen,  and  that' without 
any  diminution  of  it's  fubftance,  which  proves  that 
light  alone  produces  no  wafte  of  luminous  bodies. 
Thus  though  the  fun  illuminates  the  whole  world 
by  his  rays?  he  lofes  nothing  of  his  own  fubftance, 
his  light  being  only  the  effeft  of  a  certain  agitation, 
or  violent  concuffion  of  his  minute  particles,  com- 
municated to  the  adjoining  ether,  and  thence  trans- 
mitted in  all  directions  by  means  of  this  fluid  to  the 
remoteft  diftances,  as  a  bell  when  ftruck  communi- 
cates it's  own  agitation  to  the  circumambient  air. 
The  more  we  confider  this  parallel  between  fonorous 
and  luminous  bodies,  the  more  we  fhall  find  it  coiw 
formablc  to  nature,  and  juftifiable  by  experience  j 
whereas  the  more  we  attempt  to  reconcile  the  phe- 
nomena of  nature  to  the  fyftem  of  emanation,  the 
more  difficulties  we  encounter. 

1 4M  June,  1 760. 
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Of  the  Propagation  of  Light. 

HPHE  propagation  of  light  in  the  ether  is  produced 

-*•    in  a  manner  fimilar  to  that  of  found  in  the  air  ; 

and  juft  as  the  vibrations  occafioned  in  the  particles 

of  air  conftitutes  found,  in  like  manner  the  vibration 

of 
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of  the  particles  of  ether  conftitutes  light  or  luminous 
rays;  fo  that  light  is  nothing  elfe  but  an  agitation  or 
concujfton  of  the  particles  of  ether ,  which  is  every  where 
to  be  found  on  account  of  it's  extreme  fubtilty,  in 
virtue  of  which  it  penetrates  all  bodies. 

Thefe  bodies,  however,  modify  the  rays  of  light 
in  many  different  ways,  by  tranfmitting  or  flopping 
the  propagation  of  the  concuffions.  Of  this  I  fhall 
treat  at  large  in  the  fequel.  I  confine  myfdf  at  pre- 
fent  to  the  propagation  of  rays  in  the  ether  itfelf, 
which  fills  the  immenfe  fpace  in  which  the  heavenly 
bodies  revolve.  There  the  propagation  takes  place 
in  perfeft  liberty.  The  firft  thing  which  here  pre- 
fents  itfelf  to  the  mind  is  the  prodigious  velocity 
of  the  rays  of  light,  which  is  about  900,000  times 
more  rapid  than  that  of  found,  though  this  laft  tra- 
vels no  lefs  than  1 000  feet  in  a  fecond. 

This  amazing  velocity  would  be  fufficient  of  itfelf 
to  overturn  the  fyftem  of  emanation ;  but  in  that 
which  I  am  attempting  to  eftablifh,  it  is  a  natural 
confequence,  from  the  principles  laid  down,  as  I  hope 
to  demonftrate.  They  are  the  fame  with  thofe  on 
which  is  founded  the  propagation  of  found  in  the 
air,  and  this  depends  at  once  on  it's  denfity  and  elas- 
ticity. It  is  evident  that  if  the  denfity  of  air  were 
diminifhed,  found  would  be  accelerated,  and  if  the 
elafticity  of  the  air  were  increafed,  the  fame  thing 
would  happen.  If  the  denfity  of  the  air  diminifhed, 
and  it's  elafticity  increafed  at  once,  we  fhould  have 
a  two-fold  reafon  for  the  increafe  of  the  velocity  of 
found.    Let  us  conceive,  then,  the  denfity  of  the  ai* 

diminifhed, 
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dimmifhed,  and  it's  elafldcity  increa&d,  till  it's  den- 
iity  and  clafticity  became  equal  to  thofe  of  ether,  and 
we  fliould  then  no  longer  be  furprifed  that  the  velo- 
city of  found  had  become  many  thoufands  of  times 
greater  than  it  adually  is.  For  you  will  be  pleafed 
to  remember,  that,  according  to  the  firft  ideas  we 
formed  of  ether,  this  fluid  mull  be  inconceivably 
rarer,  and  more  elaftic  than  air.  Now  both  of  thefc 
qualities  equally  contribute  to  accelerate  the  velocity 
of  vibrations.  From  thi$  explanation,  the  prodigious  ■ 
velocity  of  light  k  fo  far  from  prefenting  any  thing 
irreconcileable  to  reafon,  that  it  rather  perfe&ly  har- 
monizes with  the  principles  hid  down;  and  the  pa- 
rallel between  light  and  found  is  in  this  refpect  fo 
firmly  eftablifhed,  that  we  may  confidently  maintain, 
That  if  air  fliould  become  as  fubtile  and  as  elaftic  as 
ether,  the  velocity  of  found  would  become  as  rapid 
as  that  of  light. 

The  fubtlity  of  ether,  then,  and  it's  great  elafti- 
city,  are  the  reafon  which  we  affign  for  the  prodi- 
gious velocity  of  the  motion  of  light;  and  fo  long  as 
the  ether  preferves  this  fame  degree  of  fubtlity  and 
•elafldcity,  this  velocity  muft  continue  the  fame.  Now 
it  cannot  be  doubted  that  die  ether  has,  through  the 
whole  univerfe,  the  fame  fubtlity  and  the  fame  elaf- 
ticity.  For  were  the  ether  Ids  elaftic  in  one  place 
than  in  another,  it  would  force  itfelf  into  it  till  the 
equilibrium  was  perfe&ly  refitted.  The  light  of  the 
<ftars,  therefore,  moves  with  as  great  velocity  as  that 
of  the  fun;-  and  as  the  ftar$  are  at  a  much  greater 
diftance  from  us  than  the  filn,  a  much  greater  quan- 

Vol.  I.  G  tity 
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tity  of  time  is  requifite  to  tranfmit  their  rays  to  tis* 
However  great  the  diftancc  of  the  fun  may  appear, 
whofe  rays,  neverthelefs,  reach  the  furface  of  our 
globe  in  eight  minutes,  the  fixed  ftar  neareft  to  us  is 
at  leaft  400,000  times  more  diftant  than  the  fun :  2 
ray  of  light  iffuing  from  that  ftar  will  employ  then 
400,000  times  eight  minutes  in  travelling  to  us,  that 
is  53,333  hours,  or  2,222  days,  or  fix  years  nearly* 

It  is  then  upwards  of  fix  years  fince  the  rays  of 
light  ifiued  from  that  fixed  ftar,  the  leaft  remote  and 
probably  the  moft  brilliant,  in  order  to  render  it  vi- 
fible  to  us,  and  thefe  rays  have  employed  a  period  fb 
confiderahle  to  fly  through  the  fpace  which  feparates 
us  from  that  ftar.  Were  God  juft.  now  to  create  a 
new  fixed  ftar,  at  the  fame  diftance,  it  could  not  be- 
come vifible  to  lis  till  more  than  fix  years  had  dapfed, 
as  it's  rays  require  that  length  of  time  to  travel  this 
diftance.  Had  one  been  created  at  the  beginning  of 
the  world  a  thoufand  times  more  diftant  than  that 
which  I  have  mentioned,  it  could  not  yet  be  vifible 
to  us,  however  brilliant,  as  6ooo  years  are  not  yet 
elapfed  fince  the  Creadon.  The  firft  preacher  of  the 
court  of  Brunfwick,  Mr.  Jerusalem,  has  happily  in- 
troduced this  thought  in  one  of  his  fermons ;  the 
paflage  runs  thus: 

44  Raile  your  thoughts  from  the  earth  which  you 
44  inhabit  to  all  the  bodies  of  the  vaft  univerfe,  which 
44  are  fb  far  above  you:  launch  into  the  immenfity 
44  of  fpace  which  intervenes  between  the  mbft  re* 
44  mote  which  your  eyes  :are  able  to  difcover,  and 
"  thofe  whofe  light,  from  .the.,  moment  of  creation 
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"  till  now,  has  not  as  yet,  perhaps,  come  down  to  us. 
The  immenfity  of  the  kingdom  of  God  juftifies 
this  reprefentatioiu"   (Sermoh  on  the  Heavens,  and 

Eternal  Beatitude.) 

I  flatter  myfelf  that  thefe  refle&ions  will  excite  a 

defire  of  further  inftru&ion  refpe&ing  the  fyftem  of 

light,  from  which  is  derived  the  theory  of  colours, 

and  of  vifion. 

i  *]th  June,  1 760W 
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Digreffiofi,  oft  the  Dijtances  of  the  Heavenly  Bodies,  and 
on  the  Nature  of  the  Sun,  and  his  Rays. 

rTT*HE  obfervations  which  I  have  been  making  re* 
-*•  fpefting  the  time  which  the  light  of  the  ftars 
employs  in  making  it's  progrefs  down  to  us,  convey 
a  ftriking  idea  of  the  extent  and  greatnefc  of  the 
univerfe.  The  velocity  of  found,  which  flies  through 
the  fpace  of  i  ooo  feet  in  a  fecond,  furnifhes  us  with 
nearly  the  firft  ftandard  of  meafurement.  It  is  about 
2  00  times  more  rapid  than  the  pace  of  a  man  who 
is  a  good  walker.  Now  the  velocity  of  the  rays  of 
light  is  900,000  times  ftill  more  rapid  than  that  of 
found :  thefe  rays  accordingly  perform,  every  fecond, 
a  courfe  of  900  millions  of  feet,  or  37,500  German 
miles.* 

What  aftonifhing  velocity !  Yet  the  neareft  fixed 

*  More  than  1 70,000  miles  Englilh.— E.  E. 
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flat  is  lb  remote,  that  it's  rays,  notwithftanding 
this  prodigious  velocity,  would  take  more  than  fix 
years  in  defcending  ta  us.  And  were  it  poffible  for 
a  great  noife,  fuch  as  that  of  the  firing  of  a  cannon, 
iffuing  from  that  ftar,  to  be  conveyed  to  our  ears,  it 
would  require  a  period  of  5,400,000  years  to  reach 
us.  And  this  is  applicable  only  to  thofe  ftars  which 
are  the  tnoft  brilliant,  and  are  probably  neareft  to  us. 
Thofe  which  appear  the  fmalleft  are,  very  probably, 
ten  times  ftill  farther  remote,  and  more.  A  whole 
century  then,  at  leaft,  muft  elapfe,  before  the  rays  of 
thefe  ftars  could  poffibly  reach  us.  How  prodigious 
muft  that  diftance  be,  which  cannot  be  pafled  through 
in  lels  than  1 00  years,  by  a  velocity  which  flies  at 
the  rate  of  37,500  German  miles  $very  fecond ! 

Were,  then,  one  of  thefe  ftars  to  be  juft  now  an- 
nihilated, or  eclipfed  only,  we  fhould  ftill  continue 
to  fee  it  for  100  years  to  come,  as  thelaft  rays  which 
it  emitted  could  not  reach  us  in  lefs  time. 

The  generality  of  mankind  is  very  far  from  hav- 
ing any  thing  like  juft  ideas  refpecting  the  vaft  ex- 
tent of  the  univerfe.  Many  confider  it  as  a  work  of 
little  importance,  which  chance  alone  might  have 
produced.  But  what  muft  be  the  aftonifhment  of 
one  who  reflefts,  on  obferving,  that  all  thefe  in> 
•rnenfe  bodies  are  arranged  with  the  moft  confum- 
-mate  wifdom,  and  that  the  more  knowledge  we  ac- 
quire on  the.  fubjeft,  though  it  muft  ever  be  very 
imperfeft,  the  more  we  muft  be  difpofed  to  admire 
their  order  and  magnificence  ? 

I  return  to  the  great  luminous  bodies,  and  parti- 
cularly 


A 


-THE  HEAVENLY  BODIES.  85 

cularly  the  fun,  which  is  the  principal  fource  of  the 
light  and  heat  which  we  enjoy  on  the  earth. .  It  will 
be  afked,  in  the  firft  place,  Wherein  confifts  the  light 
-which  the  fun  is  inceffantly  diffufing  through  the 
whole  univerfe,  without  ever  fuffering  the  fmalleft 
diminution?  The  anfwer  is  obvious,  according  to 
the  fyftem  which  I  have  been  endeavouring  to  eftab- 
lifh.  .  But  that  of  emanation  furniflies  no  iatisfaftory 
folution.  The  whole  univerfe  being  filled  with  that 
extremely  fubtile  and  elaftic  fluid,  which  is  called 
ether,  we  muft  fuppofe,  in  all  the  parts  of  the  fun, 
an  inceflant  agitation,  by  which  every  particle  is  in 
a  conftant  motion  of  vibration,  and  this,  by  com- 
municating itfelf  to  the  circumambient  ether,  excites 
in  that  fluid  a  fimilar  agitation,  and  is  thence  trans- 
mitted to  regions  the  moil  remote,  with  the  rapidity 
which  I  have  been  defcribing. 

And,  to  keep  up  the  parallel  between  found  and 
light,  the  fun  would  be  in  a  ftate  fimilar  to  that  of  a 
bell  which  fhould  be  ringing  continually.  The  par- 
ticles of  the  fun  muft,  confequently,  be  kept  in  this 
inceflant  agitation,  to  produce  in  the  ether  th$  un- 
dulations which  we  call  rays  of  light.  But  it  is  ftill 
no  eafy  matter  to  explain,  by  what  power  this  agi- 
tation in  the  particles  of  the  fun  is  conftantly  kept 
up,  as  we  obferve,  that  a  match  does  not  long  con- 
tinue burning,  but  prefently  goes  out,  pnlefs  it  be 
fupplied  with  combuftible  matter.  But  it  muft  be 
remarked,  that  as  the  fun  is  a  mafs  many  thoufand 
times  greater  than  our  whole  globe,  if  it  is  once 
thoroughly  inflamed,  it  may  continue  in  that  ftate 
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for  fevcral  ages,  without  fuflering  any  ferifible  dimi- 
nution. Befides,  the  cafe  is  not  the  fame  with  the 
fun  and  our  fires  and  candles,  a  confiderable  part  of 
whofe  fubftance  is  diffipated  in  fmoke  and  exhala- 
tions, from  which  a  real  wafte  reftilts.  Whereas, 
though  perhaps  fome  particles  may  be  forced  from 
the  fun  in  form  of  fmoke,  they  cannot  remove  to  a 
great  diftance,  but  fpeedily  fall  back  into  it's  mafs,  fp 
that  there  cannot  be  any  real  expenditure,  to  ocau 
fion  a  diminution  of  his  fubftance.* 

The  only  thing  of  which  we  are  ftill  ignorant  re- 
Ipe&ing  this  fubjeft,  is,  the  power  which  inceffantly 
maintains  all  the  particles  of  the  fun  in  this  agita- 
tion. But  as  it  contains  nothing  inconfiftent  wit|i 
good  fenfe,  and  as  we  are  under  the  neceffity  of  ac- 
knowledging our  ignorance  of  many  other  things 
much  lefs  remote  than  the  fun,  we  ought  to  be  fatif- 
fied,  if  our  ideas  ar$  not  involved  in  contradiftion. 

lift  June,  1760. 

#  The  Author  is  evidently  embarrafled  in  his  explanation  of  the 
continual  inflammation  of  the  fun.  And  though  he  has  faid  above, 
that  the  fyftem  of  emanation  was  untenable,  on  account  of  the 
frequent  and  unavoidable  colliiion  of  rays  proceeding  from  dif- 
ferent luminous  bodies,  which  muft  difturb,  and  even  obltruft  th,e 
vifion  of  feveral  of  thefe  bodies  at  once,  as  he  has  not  explained 
how  two  founds  may  be  heard  at  the  fame  time,  a  iimilar  objec- 
tion might  be  made  to  his  fyftem,  which  is  analogous  to  the  phe- 
nomena of  found.— F.  E* 
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LETTER  XXII. 

.Elucidations  on  the  Nature  of  luminous  Bodies,  and  their 
Difference  from  opaque  Bodies  illumined. 

* 

fTPHE  fun  being  a  luminous  body,  whofe  rays  are 
**•  univerfally  difiufed  in  all  dire&ions,  you  can 
no  longer  be  at  a  lofs  to  account  for  this  wonderful  . 
phenomenon,  which  confifts  in  the  fhaking,  or  vibra- 
tion, with  which  all  the  particles  of  the  fun  are  agi-' 
tated.  The  parallel  of  a  bell  lends  confiderable  at 
fiftance  toward  the  explanation  of  this  fact  But  it 
is  obvious,  that  the  vibrations  produced  by  light,; 
muft  be  much  more  vehement  and  rapid  than  thofe 
produced  by  found,  ether  being  incomparably  more 
fubtile  than  air.  A  feeble  agitation  not  being  capable 
of  {baking  the  air  fo  as  to  produce  found  in  it,  that 
of  a  bell,  and  of  all  other  fonorous  bodies,  are  too 
feeble  relatively  to  ether,  to  produce  in  it  the  vibra- 
tion which  conftitutes  light. 

You  will  recoiled,  that  in  order  to  excite  a  per- 
ceptible found,  more  than  30,  and  lefs  than  7552  vi- 
brations muft  be  produced  in  a  fecond ;  the  air  being 
too  fubtile  to  admit  of  a  fenfible  effect  from  a  found 
confifting  of  lefs  than  30  vibrations  in  a  fecond,  but 
not  fufficiently  fo  to  receive  one  of  more  than  755^. 
vibrations  in  the  fecond.  A  note  higher  than  this 
could  not  be  at  all  heard.  It  is  the  fame  with  refpeft 
tp  ether;  7552  vibrations,  produced  in  a  fecond, 
Could  not  poflibly  aft  upon  it,  becaufe  of  it's  greater 
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fubtiky.  It  requires  vibrations  much  more  fre- 
quent. An  agitation  fo  rapid  could  not  take  place 
but  in  the  minuteft  particles  of  bodies  which  elude 
our  fenfes.  The  light  of  the  fun,  then,  is  produced 
by  a  very  violent  agitation,  which  affe&s  all  his  in- 
finitely minute  particles,  each  of  which  mull  fhake 
many  thoufands  of  times  every  fecond. 

It  is  a  fimilar  agitation  which  likewife  produces 
the  light  of  the  fixed  ftars,  and  of  all  fires,  fuch  as 
candles,  tapers,  torches,  &c.  which  give  us  light,  and 
iupply  the  place  of  the  fun  during  the  night.  On 
attentively  obferving  the  flame  of  a  wax-light,  you 
will  eafily  perceive  that,  in  the  minuteft  particles, 
there  is  a  conftant  and  furprizing  agitation ;  and  I 
do  not  apprehend  that  my  fyftem  is  liable  on  this 
fide  to  any  contradiction,  while  that  of  Newton  re- 
quires a  moft  enormous  agitation,  capable  of  launch- 
ing the  minuteft  particles  with  the  velocity  of  37,500* 
German  miles  in  a  fecond. 

This,  then,  is  the  explanation  of  the  nature  of 
bodies  luminous  of  themfelves :  for  there  are  lumi- 
nous bpdies  which  are  not  fo  immediately,  fuch  as 
the  mopn  and  the  planets,  which  are  fimilar  to  our 
globe*  We  fee  the  moon  only  when,  and  in  as  far 
as,  ihe  is  illuminated  by  the  fun ;  and  this  is  the  oafe 
Of  all  terreftrial  bpdies,  fires  excepted,  which  have  a 
light  of  their  own.  JJut  other  bodies,  which  are  de^ 
nominated,  opaque,  becQme  vifible  to  us  only  when 
they  are  illuminated  by  fome  luminous  body. 

Jn  a  very  dark  night,  or  in  an  apartment,  fo  clofely 

*  Upwards  of  170,000  Epglifh  miles. 
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fliut  on  every  fide,  that  no  light  can  find  admlffion, 
to  no  purpofe  will  you  turn  your  eyes  toward  the 
obje&s  which  furround  you  in  the  dark :  you  per- 
ceive  Nothing.     But  the  moment  a  taper  is  intro- 
duced, you  immediately  fee,  not  the  taper  only,  but 
the  other  bodies  which  were  before  invifible.    We 
have  here,  then,  a  very  efiential  difference  between 
luminous  and  opaque  bodies.     1  have  already  em- 
ployed the  term  opaque  to  denote  bodies  which  are 
not  tranfparent ;  but  it  comes  to  almoft  the  fame 
thing,  and  we  mull  accommodate  ourfelves  to  the 
common  modes  of  expreffion,  though  they  are  not 
perfedHy  accurate.    Luminous  bodies  are  vifible  by 
their  own  light,  and  never  affeft  our  organs  of  fight 
more  than  when  the  darknefs  is  otherwife  moft  pro- 
found.   Thofe  which  I  here  denominate  opaque,  arc 
rendered  vifible  to  us  only  by  means  of  a  light  that 
is  foreign  to  them.     We  perceive  them  not  whil$ 
they  remaiii  in  darknefs ;  but  as  foon  as  they  are  ex- 
pofed  to  a  luminous  body,  whofe  rays  ftrike  upon 
them,  they  become  vifible $  and  they  difappear  the 
moment  that  foreign  light  is  withdrawn.    It  is  not 
even  neceflary,  that  the  rays  of  a  luminous  body 
fhould  fall  upon  them  immediately ;  another  opaque 
body,  when  well  illuminated,  produces  nearly  the 
fame  effeft,  but  in  a  feebler  manner* 

The  moon  is  an  excellent  inftance.  We  know  that 
the  moon  is  an  opaque  body ;  but  when  Ihe  is  illu- 
minated by  the  fun,  and  we  fee  her  during  the  night, 
ihe  difiufes  a  feeble  light  over  all  opaque  bodies,  and 
renders  vifible  to  us  thofe  which  we  could  not  have 

perceived 
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perceived  without  her  ailiftance.  Placed  in  the  day 
time  in  an  apartment,  whofe  afpeft  is  toward  the 
north,  and  into  which,  'of  courfe,  the  rays  of  the 
fun  cannot  enter,  it  is,  however,  perfectly  clear,  and 
I  am  able  to  diftinguifh  every  object.  What  can  be 
the  caufe  of  this  clearnefs,  but  that  the  whole  heaven 
is  illuminated  by  the  fun  ?  What  we  call  the  azure 
iky,  and  befides,  the  walls  oppofite  to  my  apartment, 
and  the  other  furrounding  obje&s,  are  likewife  ilku 
minated,  either  immediately  by  the  fun,  or  mediately 
by  other  opaque  bodies  expofed  to  the  action  of  that 
focus  of  light ;  and  the  light  of  all  thefe  opaque,  but 
illuminated,  bodies,  as  tar  as  it  has  admiffion  into 
my  apartment,  renders  it  luminous,  and  that  in  pro- 
portion as  the  windows  are  high,  wide,  and  well 
placed.  The  glafs  is  little  or  no  interruption,  being, 
as  I  have  already  remarked,  a  tranfparent  body, 
which  freely  tranfmits  the  rays  of  light. 

When  I  completely  exclude  the  light  from  the 
apartment,  by  doling  the  window-fhutters,  I  am  re* 
duced  to  a  ftate  of  darknefs,  and  difcern  no  object, 
unlefs  I  call  for  a  candle.  Here,  then,  is  an  effential 
difference  between  luminous  and  opaque  bodies  ;  and 
likewife  a  very  ftriking  refentblance,  namely,  that 
opaque,  bodies,  when  illuminated,  illuminate  other 
opaque  bodies, ,  and  produce,  in  this  refpeft,  nearly 
the  fame*. '.effeft  as  bodies  luminous  of  themfelves. 
-The  explanation  of  this  phenomenon  has,  hitherto* 
greatly  perplexed  philofophers,  but,  I  flatter  myfelf, 
that  my  folution  of  it  has  been  clear  and  fatisfa&ory, 

z^tb  June,  1760, 
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LETTER  XXIII. 

How  Opaque  Bodies  become  viftble.     Newton3 s  Svfte?n,  of 
the  RejleEtion  of  Rays,  propofed. 

TJEFORE  I  attempt  an  explanation  of  the  pheno- 
-"^*  menon  of  opaque  bodies  becoming  vifible  when 
they  are  illuminated,  it  muft  be  remarked,  in  gene- 
ral, that  we  fee  nothing  but  by  means  of  the  rays 
which  enter  into  our  eyes.     When  we  look  at  any 
object  whatever,  rays  iffuing  from  every  point  •  of 
that  object,  and  entering  into  the  eye,  paint  upon  it* 
if  I  may  ufe  the  expreffion,  the  image  of  the  object. 
This  is  not  mere  conjefture,  but  may  be  demonftrated 
by  experiment.   Take,  for  example,  the  eye  of  an  ox, 
or  of  any  animal  recently  killed,  and,  after  having 
uncovered  the  bottom,  you  find  all  the  objects  which 
were  before  it  painted  there.     As  often  then  as  we 
fee  an  objeft,  the  image  of  it  is  painted  on  the  bot- 
tom of  our  eyes ;  and  this  is  produced  by  the  rays 
which  proceed  from  the  object  to  us.     I  fhall  after- 
wards take  occafion  to  go  into  a  more  minute  detail 
on  the  fubjeft  of  vifion,  and  explain  in  what  manner 
the  images  of  objefts  are  formed  on  the  bottom  of 
the  eye :  let  this  general  remark  fuffice  for  the  prefent. 
As  we  fee  opaque  bodies  only  when  they  are  illu- 
minated, this  is  a  proof,  that  there  muft  proceed 
.from  every  point  of  thefe  bodies  rays  of  light  which, 
fubfift  only  during  the  illumination.     The  moment 
they  are  placed  in  the  dark  thefe  rays  difappear. 
They  are  not  proper  then  to  opaque  bodies ;  their 
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origin  muft  be  fought  in  the  manner  in  which  other 
bodies  illuminate  them.  And  this  is  the  great  quef- 
tion,  How  illumination  alone  is  capable  of  producing 
rays  on  opaque  bodies,  or  of  putting  them  in  nearly 
the  lame  ftate  as  luminous  bodies  are,  which,  by  an 
agitation  in  their  minuteft  particles,  produce  rays  of 
light? 

The  great  Ne*wtony  and  other  philofophers,  who 
have  examined  the  fubjeft,  aflign  refle&ion  as  the 
eaufe  of  this  phenomenon :  it  is,  therefore,  of  the 
higheft  importance,  that  you  fhould  form  a  juft  idea 
of  what  is  called  refle&xon. 

This  name  is  given  to  the  repulfion  of  one  body 
ftruck  againft  another,  as  may  be  feen  in  the  game 
<tf  billiards.     When  the  ball  is  ftruck  againft  the 
cufliion  or  ledge  of  the  billiard  table,  it  recoils  again ; 
and  this  retrograde  motion  is  termed  refleftion.     It 
is  neceflary,  here,  to  attend  to  a  diftinction  between 
two  cafes.     Let  us  fuppofe  A  B  (plate  t.Jig.  7.)  to  be 
the  ledge  of  a  billiard  table.     The  firft  cafe  is  this: 
•When  you  play  the  ball  D  perpendicularly  againft 
the  ledge,  in  the  direction  of  D  C,  perpendicular  to 
A  B,  and,  confequently,  the  adjacent  angles  A  C  D, 
and  BCD,  are  right  angles :  in  this  cafe,  the  ball 
will  be  driven  back,  or  refle&ed,  in  the  fame  line 
D  C.     The  other  cafe  is,  when  the  ball  is  played 
obliquely  againft  the  ledge,  fuppofe  in  the  line  E  C, 
forming,  with  A  B,  an  acute  angle  ACE,  this  is 
called  the  angle  of  incidence.     The  ball  will,  in  this 
cafe,  be  repelled  from  the  ledge,  in  the  dire&ion  of 
the  line  C  F,  fo  that  this  line  {hall  make*  on  the  other 
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fide,  with  the  ledge  B  C,  an  angle  B  C  F,  exaCtly 
equal  to  the  angle  of  incidence  ACE.  -This  angle, 
BCF,  formed  by  the  line  in  which  the  ball  recoils, 
is  called  the  angle  of  reflection.  And  this  law  always 
takes  place  when  a  body  in  motion  meets  with  an 
bbftacle. . 

A  cannon  ball,  (hot  againft  a  wall  fufficiently 
ftrong  to  refift  it,  is  reflected  conformably  to  this 
law.  It  extends,  in  like  manner,  to  founds,  which 
are  frequently  reflected  from  certain  bodies;  and 
you  know  that  this  reflection  of  found  is  called 
echo.  It  cannot  be  doubted,  that  the  fame  thing 
frequently  takes  place  with  refpeCt  to  the  rays  of 
light.  The  objeCts  which  we  fee  in  mirrors,  are  re- 
prefented  to  us  by  the  reflection  of  rays,  and  every 
well  polifhed  furface  reflects  the  rays  of  light  which 
fall  upon  it.  It  is  undoubtedly  certain,  therefore, 
that  there  are  cafes  without  number  in  which  the 
rays  that  fall  on  certain  bodies  are  reflected ;  and 
philofophers  have  thence  taken  occafion  to  maintain, 
that  opaque  bodies  are  rendered  vifible  by  means  of 
reflected  rays. 

I  fee  juft  now  houfes,  oppofite  to  my  windows, 
which  are  illuminated  by  the  fun.  According,  then, 
to  the  opinion  of  thofe  philofophers,  the  rays  of  the 
fun  falling  on  die  furface  of  thefe  houfes,  are  reflect- 
ed from  them ;  they  enter  into  my  apartment,  and 
Tender  thefe  houfes  vifible  to  me.  In  the  fame  man- 
ner, if  we  believe  thofe  philofophers,  the  moon  and 
the  planets  become  vifible,  and  thefe  are,  unqueftion- 
ably,  opaque  bodies.    The  rays  of  the  fun  which 

fail 
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fall  on  thefe  bodies,  and  illuminate  the  parts  which 
are  expofed  to  them,  are  reflected,  and  are  thenec 
tranfmitted  to  us,  juft  as  if  the  bodies  were  lumi- 
nous of  themfelves.  According  to  this  opinion,  we 
fee  the  moon  and  the  planets  only  by  the  rays  of  the 
fun  which  they  reflect;  and  you  muft  frequently 
have  heard  it  affirmed,  that  the  light  of  the  moon  is 
a  refle&ion  of  the  light  of  the  fun.  In  the  fame- 
manner,  fay  they,  the  rays  of  the  fun  are  reflected 
by  the  firft  Opaque  bodies  which  are  expofed  to 
them,  on  other  bodies  of  the  fame  nature,  and  un* 
dergo  a  feries  of  fimilar  reflections,  till  they  are  en- 
tirely weakened. 

But,  however  plaufible  this  opinion  may  at  firft 
light  appear,  it  involves  fo  many  abfurdities,  when 
clofely  examined,  that  it  is  abfolutely  untenable, 
which  I  hope  to  demonstrate,  as  a  preparation  for 
the  true  folution  of  this  phenomenon. 

i&tkjunc,  1760. 
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LETTER  XXIV. 

Examination  and  Refutation  of  Newton9 s  Syjiem^ 

T  AFFIRM,  then,  that  when  we  fee  an  opaque  body 
-*■  illuminated  by  the  fun,  it  is  impoffible  to  main- 
tain that  it  refle&s  luminous  rays,  and  that,  by 
means  of  fuch  rays,  it  is  rendered  vifible  to  us.  The 
example  of  a  mirror,  which,  undoubtedly,  reflects 
the  rays,  and  is  employed  to  fupport  this  opinion, 

rather 
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ther  confutes  it.     The  mirror,  beyond  contradio 
)n,  fends  back  the  rays  which  fall  upon  it ;  but 
hen  thefe  refle&ed  rays  enter  into  our  eyes,  What 
>  they  reprefent  ?  You  will  readily  anfwer,  that  it 
,.,  not  the  mirror,  but  the  objects  from  which  they 
originally  proceeded ;  and  the  reflection  does  nothing 
elfe,  but  enable  us  to  fee  thefe  obje&s  in  another 
place,     Befides,  we  fee  thofe  obje&s,  not  on  the  fur- 
face  of  the  mirror,  but  rather  within  it,  and  it  may 
be  faid  with  truth,  that  the  mirror  itfelf  remains  in- 
vifible  to  us. 

But,  on  looking  at  an  opaque  body  illuminated  by 
the  fun,  we  do  not  fee  in  it  the  image  of  that  glori- 
ous orb ;  we  fee  only  the  furface  of  the  bodies,  with 
all  the  variations  to  be  found  on  them.  We  per- 
ceive, then,  a  very*effential  difference  between  the 
rays  which  are  reflected  from  a  mirror,  and  thofe  by 
ipeans  of  which  opaque  bodies  are  rendered  vifible. 
But  there  is,  befides,  another  difference  equally  pal- 
pable in  the  mirror ;  for  on  changing  the  place  of 
the  objefts,  or  our  own  fituation,  the  appearance 
will  always  change,  and  the  rays,  reflefted  from  the 
mirror,  will  continually  reprefent  to  our  eyes  other 
images,  correfponding  to  the  nature  and  pofition  of 
the  objefts,  and  to  the  place  where  we  are  ftationed : 
but,  as  I  have  already  faid,  thefe  refleded  rays  never 
ireprefent  to  us  the  mirror  itfelf. 

Now,  let  a  body  be  illuminated  by  the  fun,  or 
*other  bodies,  whether  luminous  or  opaque,  already 
illuminated;  in  whatever  manner  this  body  may 
change  it's  place,  or  we  change  our's  relatively  to  it, 
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it's  appearance  is  always  the  fame ;  we  fee  always  the 
fame  object,  and  remark  in  it  no  change  relative  ta 
the  different  circumftances  above  mentioned.  This 
furnifhes  a  new  proof,  that  we  do  not  fee  opaque 
bodies  by  means  of  the  rays  refle&ed  from  their  for* 
face.* 

*  This  can  hardly  be  deemed  a  fair  ftatement.  It  is  true,  that 
opaque  bodies  are  feen  only  by  reflected  light,  but  it  by  no  means 
follows,  that  all  the  incident  light  is  again  reflected.  Some  bo- 
dies are,  by  their  conftitution,  difpofed  to  reflect  certain  kinds  of 
Tays  the  moft  freely,  and  as  the  reft  are  abforbed,  the  peculiar  co- 
lour predominates.  This  colour  will,  therefore,  riot  be  the  fame, 
whatever  be  the  quality  of  the  incident  light,  but  will  ^receive  an 
analogous  (hade.  For  the  fame  reafon,  no  fubftance  reflects  only 
one  fpecies  of  rays.  The  elective  attractions  and  repujfions,  be- 
tween the  particles  of  light  and  a  body,  are  moft  remarkable  at 
very  minute  diftances  ;  and  hence  the  colour  is  prominent  when 
the  furface  is  rough,  for  the  light,  fuffering  then  a  partial  repul- 
fjon  only,  gains  a  nearer  approach.  I  cannot  imagine  how  Mr* 
Euler  would  explain  thefe  fa<5U  on  his  own  principles. 

It  is  in  a  polifhed  furface  only,  that  the  furrounding  bodies  can 
J>e  feen  by  reflection,  for  diftinft  vifion  requires  the  rays,  pro- 
ceeding from  different  points,  to  be  tranfmitted  with  regularity. 
No  fubftance  is,  indeed,  perfectly  fmooth,  but  the  different  rc- 
pulfions,  exerted  by  the  fuperficial  particles,  may  balance  each 
other,  and  produce  an  uniform  effect,  at  the  diftance  where  the 
jrefle&ion  takes  place.  Mr.  Euler's  principles  would  lead  to  the 
conclufion,  that  polifh  is  not  at  all  neceifary  to  a  mirror.  Echo 
is  formed  from  furfaces  which  are  very  uneven,  fince  the  air  is 
heaped  on  the  obftacle,  and  the  principal  reflux  of  the  undulation 
commences  at  a  fenfible  diftance  from  it.  The  fame  obtains  in 
water,  though  in  a  lefs  degree ;  and  is,  in  general,  more  remark- 
able, in  proportion  to  the  rarefaction  of  the  fluid.  How  wonder- 
ful, then,  in  that  refpect,  muft  ether  be,  which  is  fuppofed  to  be 
the  moft  fubtle  of  all  fluids?  We  might  expect  the  walls  of  a 
houfe  to  reflect  the  moft  enchanting  picture  of  the  landfcape  in 
front.— E.  £.  6 
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An  obje&ion  will,  perhaps,  be  ftarted,  drawn  from 
the  dove's  neck,  and  certain  kinds  of  fluff,  which 
prefent  different  objefts,  according  as  our  point  of 
view  changes.  But  this  in  no  refpeft  weakens  my 
conclufion  with  regard  to  ordinary  opaque  bodies, 
which  are  not  fubjeft  to  this  change.  The  objection 
only  proves,  that*thefe  Angular  objefts  are  endowed 
with  certain  qualities :  as,  for  example,  that  their 
minuter  particles  are  finely  polifhed,  and  that  a  real 
refle&ion  takes  place,  befide  the  ufual  and  ordinary 
manner  in  which  bodies  are  rendered  vifible  to  us. 

Now,  it  is  •  eafy  to  comprehend,  that  this  reflec- 
tion muft  be  clearly  diftinguifhed  from  the  manner 
in  which  ordinary  opaque  bodies  are  illuminated. 

Finally,  the  rays  reflected  from  a  mirror  always 
reprefent  to  us,  likewife,  the  colours  of  the  bodies 
from  which  they  originally  proceed,  and  the  mirror, 
which  refle&s,  makes  no  change  in  this  refpeft.  One 
Opaque  body  illuminated  by  any  other  body,  in 
whatever  manner,  always  prefents  the  fame  colours ; 
and  every  body  may  be  faid  to  have  it's  proper  co- 
lour. This  circumftance  abfolutely  overturns  the 
opinion  of  all  thofe  who.  maintain,  that  we  fee 
opaque  bodies  by  means  of  the  rays  which  their  fur- 
face  refle&s. 

Piittirig  together  all  the  reafons  which  I  have  now 
fubmitted  to  your  confideration,  there  can  be  no  he- 
fitation  in  pronouncing,  that  this  opinion  is  totally 
untenable  in  philofophy,  or  rather,  in  phyfics.  I 
cannot,  however,  flatter  myfelf  with  the  hope,  that 
philofophers,  wedded   to   opinions    once  adopted, 

Vol.  I.  H  fhould 
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fliould  yield  to  thcfe  reafons.  But  the  naturalift, 
who  is  more  nearly  related  to  the  mathematician, 
will  have  lefs  difficulty  in  refigning  an  opinion,  over- 
thrown by  reafons  fo  convincing.  You  will  again 
recoiled  what  Cicero  has  faid  on  this  fubjeft :  That 
nothing  fo  abfurd  can  be  conceived,  as  not  to  be  fup- 
ported  by  fome  philofopher.  In  faft,  however  ftrange 
the  fyftem  which  I  have  been  refuting  may  appear 
to  you,  it  has,  hitherto,  been  propagated  and  de- 
fended with  much  warmth. 

It  is  impoffible  to  fay,  to  what  a  degree  the  diffi- 
culties and  contradictions  which  I  have  been  endea- 
vouring to  expQfe,  were  unknown  to,  or  overlooked 
by,  the  partifans  of  this  fyftem. .  The  great  Newton 
himfelf  ftrongly  felt  their  force :  but  as  he  refted  in 
a  very  untenable  idea  refpe&ing  the  propagation  of 
light,  it  is  not  to  be  wondered  at,  that  he  fliould 
overlook  thefe  great  difficulties;  and,  in  general, 
depth  of  underftanding  does  not  always  prevent  a 
man  from  falling  into  abfurdity,  in  fupporting  an 
opinion  once  embraced. 

But  if  this  fyftem,  that  opaque  bodies  are  render- 
ed vifible  by  reflefted  rays,  be  falfe,  fay  it's  partifans, 
What  then  is  the  true  one  ?  They  even  think  it  im- 
poffible to  imagine  another  explanation  of  this  phe- 
nomenon. It  is,  befides,  rather  hard  and  humiliating 
for  a  philofopher  to  acknowledge  ignorance  of  any 
fubjeft  whatever.  He  would  rather  maintain  the 
groffeft  abfurdities  ;  efpecially  if  he  poffeffes  the  fe- 
cret  of  involving  them  in  myfterious  terms,  which 
no  one  is  capable  of  comprehending.     For  in  this 
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cafe,  the  vulgar  are  the  more  difpofed  to  admire  the 
learned ;  taking  it  for  granted,  that  what  is  obfcu- 
rity  to  others,  is  perfectly  clear  to  them.  We  ought 
always  to  exercife  a  little  miftruft,  when  very  fub- 
lime  knowledge  is  pretended  to,  knowledge  too 
fublime  to  be  rendered  intelligible.  I  hope  I  fhall 
be  able  to  explain  the  phenomenon  in  queftion,  in 
fuch  a  way  as  to  remove  every  difficulty. 

V*>$>,  1760. 


LETTER  XXV. 

A  different  Explanation  of  the  Manner  in  which  opaque 
Bodies  illuminated  become  vifible. 

A  LL  the  phenomena  of  opaque  bodies,  which  I 
****  have  unfolded  in  the  preceding  letter,  iiicon* 
teftably  demonftrate,'  that,  when  we  fee  an  opaque 
body  illuminated,  it  is  not  by  rays  reflefted  from  it's 
furface,  that  it  becomes  vifible,  but  becaufe  it's  mi*- 
nuter  particles  are  in  an  agitation  fimilar  to  that  of 
the  minuter  particles  of  luminous  bodies ;  with  this 
difference,  however,  that  the  agitation  in  opaque 
bodies  Is  far  from  being  fo  ftrong  as  in  bodies  lumi- 
nous of  themfelves ;  for  an  opaque  body5  however 
much  illuminated,  never  makes  on  the  eye  an  im- 
preffion  fo  lively  as  luminous  bodies  do. 

As  we  fee  the  opaque  bodies  themfelves,  but  by 
iio  means  the  images  of  the  luminous  bodies  which 
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enlighten  them,  as  muft  be  the  cafe,  if  we  faw  them 
by  the  refle&ion  of  their  furface ;  it  muft  follow, 
that  the  rays  emitted  by  opaque  bodies  are  proper 
to  them,  juft  as  the  rays  of  a  luminous  body  are  pe- 
culiar to  itfelf.  As  long  as  an  opaque  body  is  illu- 
minated, the  minuter  particles  of  it's  furface  are  in 
a  ftatc  of  agitation  proper  to  produce,  in  the  ether, 
a  motion  of  vibration,  fuch  as  is  neceffary.  For  form- 
ing rays,  and  for  painting  in  our  eyes  the  image  of 
the  body  from  which  they  proceed.  For  this  eflfeft, 
rays  muft  be  diffufed,  from  every  point  of  the  fur- 
face, in  all  dire&ions ;  as  experience  evidently  con- 
firms. For,  from  whatever  fide  we  look  at  an  opaque 
body,  we  fee  it  equfUy  in  all  it's  points ;  from  which 
it  follows,  that  every  point  emits  rays  in  all  direc- 
tions. This  circumftance  effentially  diftinguifhes 
thefe  rays  from  fuch  as  are  refle&ed,  whofe  dire&ion 
is  always  determined  by  that  of  the  rays  of  inci- 
dence ;  fo  that  if  the  incident  rays  proceed  from 
one  fingle  quarter,  fay  the  fun,  the  refte&ed  rays 
can  follow  only  one  fingle  dire&ion. 

It  muft  be  admitted,  then,  that  when  an  opaque 
body  is  illuminated,  all  the  particles  on  it's  furface 
are  put  in  a  certain  agitation,  which  produces  rays, 
as  is  the  cafe  with  bodies  luminous  of  themfelves. 
This  agitation,  like  wife,  is  ftronger,  m  proportion  as 
the  light  of  the  illuminating  body  is  more  intenfe. 
Thus  the  fame  body,  expofed  to  the  fun,  is  agitated 
much  more  violently,  than  if,  in  a  room,  it  were 
illuminated  only  by  day-light,  or  in  the  night-time, 
by  a  taper,  or  by  the  moon*    In  the  firft  cafe,  it's 

image 
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image  is  painted  with  much  greater  vivacity  on  the 
bottom  of  the  eye,  than  in  the  others,  efpecially  the 
laft ;  the  light  of  the  moon  being  fcarcely  fufficient 
to  enable  us  to  diftinguifli,  or  to  read,  writing  of  a 
large  fize.  And  ^vhen  the  opaque  body  is  conveyed 
into  a  dofe  room,  or  into  the  dark,  nothing  is  tjien 
to  be  feen ;  a  certain  proof,  that  the  agitation  in  it's 
parts  has  entirely  ceafed,  and  that  they  are  now  in  a 
ftate  of  reft. 

In  this,  therefore,  confifts  the  nature  of  opaque 
bodies ;  their  particles  are,  of  themfelves,  at  reft,  or, 
at  leaft,  deftitute  of  the  agitation  neceflary  to  pro- 
duce  light.  But  thefe  fame  particles  are  fo  difpofed, 
that  when  illuminated,  or  ftruck  with  rays  of  light, 
they  are  immediately  put  into  a  certain  agitation,  or 
motion  of  vibration,  proper  to  produce  rays ;  and 
the  more  intenfe  the  light  is,  which  illuminates  thefe 
bodies,  the  more  violent  alfo  is  this  agitation.  As 
long  as  an  opaque  body  is  illuminated,  it  is  in  the 
fame  ftate  as  luminous  bodies ;  it's  particles  are  agi- 
tated in  the  fame  manner,  and  are  capable  of  excit- 
ing, of  themfelves,  rays  in  the  ether  j  with  this  dif- 
ference, that  the  agitation  kept  up  in  luminous  bo- 
dies by  an  intrinfic  force,  fubfifts  always  of  itfelf ; 
whereas,  in  opaque  bodies,  this  agitation  is  only  mo- 
mentaneous,  and  produced  by  the  motion  of  the 
light  which  illuminates  them. 

This  explanation  is  confident  with  every  pheno- 
menon, and  labours  under  none  of  the  difficulties 
which  determined  us  to  abandon  the  other,  namely, 
that  founded  on  refle&ion.     Whoever  will  take  the 
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trouble  condidly  to  weigh  all  thefe  reafons,  muft  ad- 
mit their  force.  But  a  very  great  difficulty  ftill  re- 
mains to  be  folved :  How  comes  it  that  illumination, 
£mply9  can  put  the  particles  of  an  opaque  body  into 
an  agitation  capable  of  producing  rays ;  and  that 
this  agitation  fhould  always  continue  nearly  the  fame, 
whatever  difference  there  may  be  in  the  illumina- 
tion ? 

I  acknowledge,  that  were  it  impoflible  to  anfwer 
this  queftion,  it  would  be  a  great  defeft  in  my  theory, 
though  it  would  not  amount  to  a  complete  refuta* 
tion,  for  it  contains  nothing  contradi&ory.  Sup* 
pofijig  I  were  ignorant,  how  illumination  produces 
an  agitation  in  the  particles  of  opaque  bodies,  this 
would  only  prove  that  the  theory  is  incomplete :  and 
till  it  is  demonstrated  to  be  abfolutely  impo{fibIe  that 
illumination  fliould  produce  this  effed,  my  fyftem 
muft  fubfift.  But  I  fhall  endeavour  to  fupply  this 
defeft,  by  fhewing  you,  how  illumination  agitate^ 
the  ipinuteft  particjq  pf  bodies. 

5th  Jtfj* » 76?» 
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t.  .  i,, 

Continuation  of  the  fame  Subjeft. 

T  HAVE  undertaken  to  fhew  how  the  illumination 
A  of  an  opaque  body  muft  produce  in  it's  minuteft 
particles,  an  agitation  proper  to  excite  the  rays  of 
light,  which  render  tha{  lame  opaque  body  vifible. 

Th^ 
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The  parallel  between  found  and  light,  which  differ 
only  in  refpeft  of  lefs  and  more,  light  being  the  lame 
thing  relatively  to  ether  that  found  is  relatively  to 
air,  this  parallel,  I  fay,  will  enable  me  to  fulfil  my  en- 
gagement. Luminous  bodies  muft  be  compared  to 
mufical  inftruments  actually  in  a  ftate  of  vibration. 
It  is  a  matter  of  indifference  whether  this  be  the  ef- 
fect of  an  intrinfic  or  of  a  foreign  power :  it  is  fuffi- 
cient  for  my  purpofe  that  found  is  emitted.  Opaque 
bodies,  as  long  as  they  are  not  illuminated,  muft  be 
compared  to  mufical  inftruments  not  in  ufe,  or,  if 
you  will,  to  firings  which  emit  no  found  till  they 
are  touched. 

The  queftion,  then,  being  transferred  from  light 
to  found,  is  refolved  into  this,  Whether  it  be  poffible 
for  the  firing  of  an  inftrument,  in  a  ftate  of  reft, 
when  brought  within  the  fphere  of  a&ivity  of  the 
found  of  inftruments  in  a  ftate  of  vibration,  to  re- 
ceive,  in  certain  circumftances,  fome  agitation,  and 
emit  found,  without  being  touched  ?  Now  this  is 
confirmed  by  daily  experience.  If  you  take  the 
trouble,  during  a  concert,  to  attend  to  a  particular 
firing  in  proper  tune,  you  will  obferve  that  firing 
fometimes  to  tremble  without  having  been  touched, 
and  it  will  emit  the  fame  found  as  if  it  had  been  im~ 
mediately  put  into  vibration.  This  experiment  will 
fucceed  flill  better,  if  the  inftruments  ftrike  the  fame 
note  with  the  firing.  Confider  attentively  the  firings 
of  a  harpfichord  not  played  upon,  while  a  violin 
flrikes  the  note  a ,  for  example,  and  you  will  obferve 
on  the  harpfichord  the  firing  of  the  fame  note  begin 

H  4  fenfiblv 
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fenfibly  to  tremble,  and  even  to  emit  found,  without 
having  been  touched  ;  fome  other  chords  will  like- 
wife  be  agitated,  particularly  thofe  which  are  diflant 
an  octave,  a  fifth,  and  even  a  third,  provided  the  in* 
ftrument  be  pcrfe&ly  in  tune. 

This  phenomenon  is  well  known  to  muficians,  and 
Mr.  Rameau,  one  of  the  itioft  celebrated  French 
compofcrs,  eftablilhed  his  principles  of  harmony 
upon  it.  He  maintains,  That  odaves,  fifths,  and 
thirds,  mull  be  confidered  as  confonances,  becaufe 
one  chord  is  agitated  by  the  found  only  of  another 
chord,  which  is  in  unifon,  or  an  octave,  a  fifth,  or  a 
third,  from  the  firft.  But  it  muft  be  admitted  that 
the  principles  of  harmony  are  fo  well  eftablifhed  by 
the  fiinplicity  of  the  relations  which  founds  have  to 
each  other,  that  they  have  no  need  of  a  new  confir- 
mation. In  truth  the  phenomenon  obferved  by  Mr. 
Rameau  is  a  very  natural  confequence  from  the  prin- 
ciples of  harmony. 

To  render  this  more  fenfible,  let  us  attend  to  two 
chords  wound  up  to  unifon ;  on  ftriking  the  one, 
the  other  will  begin  of  itfclf  to  tremble,  and  will  emit 
it's  found.  The  reafon  is  abundantly  clear ;  for  as 
a  chord  communicates  to  the  air  by  it's  trembling  a 
motion  of  vibration  fimilar  to  it's  own*  the  air,  agi- 
tated by  this  motion  of  vibration,  muft  reciprocally 
make  the  chord  tremble,  provided  that  by  it's  degree 
of  tenfion,  it  be  fufceptible  of  this  motion.  The  air 
being  put  into  vibration,  ftrikes  the  chord  ever  fo 
little  at  every  reverberation,  and  the  repetition  of 
ftrokes  foon  imprefies  on  the  chord  a  fenfible  mo- 
tion } 
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tion ;  becaufe  the  vibrations  to  which  it  is  difpofed 
by  it's  tenfion  accord  with  thofe  of  the  air.  If  the 
number  of  vibrations  in  the  air  is  the  half,  or  the 
third,  or  any  other  whofe  relation  is  fufficiently 
fimple,  the  chord  does  not  receive  a  new  impulfe  at 
every  vibration,  as  in  the  preceding  cafe,  but  only  at 
the  fecond,  or  the  third,  or  the  fourth,  which  will 
continue  to  increafe  it's  tremulous  motion,  but  left 
than  in  the  firft  cafe. 

But  if  the  vibrations  of  the  air  have  not  any  fimple 
relation  with  that  which  correfponds  to  the  chord, 
the  agitation  of  that  fluid  will  produce  no  effed 
whatever  upon  it ;  the  vibrations  of  the  chord,  if 
there  be  any,  not  correfponding  to  thofe  of  the  fluid, 
the  following  impulfions  of  the  air  deftroy  for  the 
moft  part  the  effeft  which  the  firft  might  have  pro- 
duced ;  and  this  is  completely  confirmed  by  expe- 
rience.  Thus  when  a  chord  is  fhaken  by  a  found, 
that  found  muft,  in  order  to  it's  being  perceptible, 
be  precifely  the  fame  with  that  of  the  chord.  Other 
founds  which  have  a  confonance  with  that  of  the 
chord,  will  produce,  it  is  true,  a  fimilar  but  lefs  fen- 
fible  effeft,  and  diflbnances  will  produce  none  at  all. 
This  phenomenon  takes  place  not  only  in  mufical 
filings,  but  in  all  fonorous  bodies  whatever.  One 
bdl  will  refound  by  the  noife  only  of  another  bell 
which  is  in  unifon  with  it,  or  at  the  diftance  of  an 
o&ave,  a  fifth,  or  a  third. 

The  inftance  of  a  perfon  who  could  break  glafles 
by  his  voice  farther  confirms  what  I  have  advanced. 
When  a  glafi  was  prefented  to  him,  by  ftriking  it  he 

found 
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found  out  the  note ;  he  then  began  to  fquall  in  uni- 
fon,  and  the  glafe  immediately  caught  the  vibration ; 
proceeding  to  give  to  his  voice  all  the  force  he  was 
able,  always  preferving  the  unifon,  the  vibration  oi 
the  glafs  became  at  length  fo  violent,  that  it  broke. 
It  is  confirmed,  then,  by  experience  that  a  chord  and 
every  other  fonorous  body  is  put  into  vibration  by 
it's  kindred  found.  The  fame  phenomenon  muft 
take  place  with  regard  to  opaque  bodies,  of  which 
the  minuter  particles  may  be  put  into  a  ftate  of  agi- 
tation by  illumination  only :  which  is  the  queftion  I 
propofed  to  folve.  The  following  letter  will  contain 
a  more  ample  difcuflion  of  it. 

tobjuly,  1760. 

LETTER   XXVII. 

Ccnelufion :  Clearnefs  and  Colour  of  opaque  Bodies  illu* 

mined. 

A  FTER  what  has  juft  been  fubmitted  to  your 
'£*•  confideration,  you  will  no  longer  be  furprifed 
that  an  opaque  body  is  capable  of  receiving,  from  il- 
lumination alone,  an  agitation  in  it's  particles  fimilar 
to  that  of  the  particles  of  luminous  bodies,  and 
which  gives  them  the  property  of  producing  rays 
that  render  them  vifible.  .  Thus  the  great  objeftion 
to  my  explanation  of  the  vifibility  of  opaque  bodies 
is  happily  removed;  while  the  other  theory,  found- 
ed on  the  reflq&Lpn  of  rays,  has  to  encounter  diffi- 
culties 
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culties  which  grow  in  proportion  as  you  attempt  to 
make  a  more  dire&  application  of  them  to  known 
phenomena. 

It  is  then  an  eftablifhed  truth,  that  the  particles  of 
the  furfaces  of  all  bodies  which  we  fee,  undergo  an 
agitation  fimilar  to  that  of  a  chord  in  vibration,  but 
their  vibrations  are  much  more  rapid ;  whether  it  be 
that  this  agitation  is  the  effed  of  an  intrinfic  force, 
as  in  bodies  luminous  of  themfelves,  or  whether  it 
be  produced  by  the  rays  of  light  which  fell  upon  the 
*  bodies,  that  is  to  fay  by  illumination,  as  is  the  cafe 
in  opaque  bodies.  It  is  felfe,  then,  that  the  moon 
being  an  opaque  body,  reflefts  the  rays  of  the  fun, 
and  that,  by  means  of  this  refle&ed  light,  {he  is  ren- 
dered vifible  to  us,  as  is  commonly  underftood.  But 
the  rays  of  the  fun,  falling  on  the  furfece  of  the 
moon,  excite  in  it's  particles  a  concuffion,  from 
which  refult  the  rays  of  the  moon ;  and  thefe,  en* 
tering  into  our  eyes,  paint  it's  image  there ;  it  is  the 
fame  with  the  other  planets,  and  with  all  opaque 
bodies.  This  agitation  of  opaque  bodies,  when  illu- 
mined, lafts  only  during  the  illumination  which  is 
the  caufe  of  it :  and  as  foon  as  an  opaque  body  ceafes 
to  be  illumined,  it  ceafes  to  be  vifible. 

But  is  it  not  poffible  that  this  agitation,  once  im- 
prefled  on  the  particles  of  an  opaque  body,  may  be 
for  fome  time  kept  up,  as  we  fee  that  a  fixing  once 
{truck,  frequently  continues  to  vibrate,  though  no 
new  impreffion  be  made  upon  it  ?  I  do  not  pretend 
to  deny  the  fedt :  I  even  believe  that  we  have  ex- 
amples pf  it  in  th9fe  fubftances  which  Mr.  MargrafF 

presented 
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preferred  to  you,  and  which,  once  illumined,  pre* 
Serve  their  light  for  fome  time,  though  conveyed 
into  a  dark  room.  This,  however,  is  an  extraor- 
dinary cafe ;  the  vibration  of  the  minuter  particles 
difappearing  in  all  other  bodies,  with  the  illumination 
which  occafioned  it.  But  this  explanation,  which 
thus  far  is  perfectly  felf-confiftent,  leads  me  forward 
to  refearches  of  ftill  greater  importance. 

It  is  undoubtedly  certain,  that  we  find  an  infinite 
difference  between  the  particles  of  opaque  bodies, 
according  to  the  variety  of  the  bodies  themfelves. 
Some  will  be  more  fufceptible  of  vibrations,  and 
others  lefs,  and  others  finally  not  at  all  fo.  This  dif- 
ference in  bodies  occurs  but  too  evidently.  One, 
whofe  particles  eafily  receive  the  impreffion  of  the 
rays  which  ftrike  it,  appears  to  us  brilliant ;  another, 
on  the  contrary,  in  which  the  rays  fcarcely  produce 
any  agitation,  cannot  appear  luminous.  Among  fe- 
veral  bodies,  equally  illumined,  you  will  always  re- 
mark a  great  difference,  fome  being  more  brilliant 
than  others.  But  there  is  befides  another  and  a  very 
remarkable  difference  between  the  particles  of  opaque 
bodies,  refpecting  the  number  of  vibrations  which 
each  of  them,  being  agitated,  will  make  in  a  certain 
time. 

I  have  already  obferved,  that  this  number  muft  al- 
ways be  very  great,  and  that  the  fubtilty  of  ether  is 
fuch  as  to  require  many  thoufands  in  a  fecond.  But 
the  difference  here  may  be  endlefs;  if  fome  particles, 
for  example,  fliould  make  1 0,000  vibrations  in  a  fe- 
cond,  and  others  11,000,  -12,000,  13,000,  according 

to 
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to  the  fmallncfs,  the  tenfion,  and  the  ehfticity  of  each, 
as  in  the  cafe  of  mufical  chords,  in  which  the  num- 
ber of  vibrations  given  in  a  fecond  may  be  varied 
without  end  ;  and  thence  it  is  I  have  deduced  the 
difference  of  high  and  low  notes.  As  this  difference 
is  effential  in  founds,  and  as  the  ear  is  affecbed  by  it 
in  a  manner  fo  particular  as  to  render  it  the  founda- 
tion of  the  whole  theory  of  mufic„it  cannot  be  called 
in  queftion  that  a  fimilar.  difference  in  the  frequency 
of  the  vibrations  of  rays  of  light  muft  produce  a  va- 
riation as  particular  in  vifion.  If,  for  example,  a 
particle  makes  10,000  vibrations  in  a  fecond,  and 
produces  rays  of  the  fame  fpecies,  the  rays  which 
enter  into  the  eye  will  ftrike  the  nerves  of  that  organ 
1  o,coo  times  in  a  fecond ;  and  this  effe&,  as  well  as 
the  fenfation,  muft  be  totally  different  from  thofe 
produced  by  a  different  particle  which  fhould  make 
more  or  lefs  vibrations  in  a  fecond.  There  will  be 
in  vifion  a  difference  fimilar  to  that  which  the  ear 
perceives  on  hearing  fharp  or  flat  notes. 

You  will  no  doubt  be  defirous  to  know  into  what 
this  difference  in  vifion  is  to  be  refolved  ;  and  what 
different  fenfations  correfpond  to  the  number,  great- 
er or  lefs,  of  the  vibrations  produced  in  every  body 
during  a' fecond?  I  have  the  honour  of  informing 
you,  That  diverfity  of  colours  is  occafioned  by  this 
difference;  and  that  difference  of  colour  is  to  the  or- 
gan of  vifion  what  fharp  or  flat  founds  are  to  the  ear. 
We  have  refolved,  therefore,  without  going  after  it, 
the  important  enquiry  refpecting  the  nature  of  co- 
lours, which  has  long  employed  the  attention  of  the 

greateft 
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greateft  philosophers.  Some  of  them  have  called  it 
a  modification  of  light  abfolutely  unknown  to  us. 
Defcartes  maintains,  that  colours  are  only  a  certain 
mixture^  of  light  and  fhade.  Newton  accounts  for 
difference  of  colour  by  tracing  it  up  to  the  rays  of 
the  fun ;  which,  according  to  him,  are  a  real  emana- 
tion, whofe  matter  may  be  more  or  lefs  fubtile ;  and 
thence  fettles  the  rays  of  all  the  colours,  as  red,  yel- 
low, green,  blue,  violet,  &c. 

But  as  this  fyftem  falls  to  pieces  of  itfelf,  all  that 
has  been  laid  refpeding  colours  conveys  no  informa- 
tion ;  and  you  are  now  clearly  fenfible,  that  the  na- 
zture  of  each  colour  confifts  in  the  number  of  vibra- 
tions produced  in  a  certain  time  by  the  particle? 
which  prefent  them  to  the  eye. 

\%tb July,  1760. 


LETTER  XXXVIII. 

Nature  of  Colours  in  particular. 

THE  ignorance  which  prevailed  refpedting  the 
true  nature  of  colours,  has  occafioned  frequent 
and  violent  difputcs  among  philofophers ;  each  of 
whom  made  an  attempt  to  fhine,  by  maintaining  a 
peculiar  opinion  on  the  fubjeft.  The  fyftem  which 
made  colours  to  refide  in  the  bodies  themfelves,  ap- 
peared to  them  too  vulgar  and  too  little  worthy  of 
a  philofopher,  who  ought  always  to  foar  above  the 
multitude*    Becaufe  the  clown  imagines  that  one 
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body  is  red,  another  blue,  and  another  green,  the 
philofopher  could  not  diftinguifh  himfelf  better  than 
by  maintaining  the  contrary;  and  he  accordingly 
affirms  that  there  is  nothing  real  in  colours,  and  that 
there  is  nothing  in  bodies  relative  to  them. 

The  Newtonians  make  colours  to  confift  in  rays 
only;  which  they  diftinguifh  into  red,  yellow,  green, 
blue,  and  violet ;  and  they  tell  us  that  a  body  appears 
of  fuch  and  fuch  a  colour  when  it  refle&s  rays  of 
that  fpecies.  Others,  to  whom  this  opinion  feemed 
abfurd,  pretend  that  colours  exift  only  in  ourfelves. 
This  is  an  admirable  way  to  conceal  ignorance ;  the 
vulgar  might  otherwife  believe  that  the  fcholar  was 
not  better  acquainted  with  the  nature  of  colours 
than  themfelves.  But  you  will  readily  perceive  that 
thefe  affe&ed  refinements  are  mere  cavil.  Every 
fimple  colour  (in  order  to  diftinguifh  from  com- 
pound  colours)  depends  on  a  certain  number  of  vi- 
brations, which  are  performed  in  a  certain  time;  fo 
that  this  number  of  vibrations,  made  in  a  fecond, 
determines  the  red  colour,  another  the  yeUow,  ano- 
ther the  green,  another  the  blue,  and  another  the 
violet,  which  are  the  fimple  colours  reprefented  to 
us  in  the  rainbow. 

If,  then,  the  particles  of  the  furface  of  certain  bo- 
dies are  difpofed  in  fuch  a  manner,  that  being  agi- 
tated, they  make  in  a  fecond  as  many  vibrations  as 
are  neceflary  to  produce,  for  example,  the  red  co- 
lour, I  call  fuch  a  body  red,  juft  as  the  clown  does ; 
and  I  fee  nothing  like  a  reafon  for  deviating  from 
the  common  mode  of  expreffion.     And  rays  which 

make 
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make  fuch  a  number  of  vibrations  in  a  fecond,  may, 
with  equal  propriety  be  denominated  red  rays ;  and 
finally,  when  the  optic  nerve  is  affc&ed  by  thefe  fame 
rays,  and  receives  from  them  a  number  of  impul- 
fions,  fenfibly  equal,  in  a  fecond,  we  receive  the  fen- 
fttion  of  the  red  colour.  Here  every  thing  is  clear; 
and  I  fee  no  neceffity  for  introducing  dark  and  myf- 
terious  phrafes,  which  really  mean  nothing. 

Hie  parallel  between  found  and  light  is  fo  perfeft, 
that  it  hits  even  in  the  minuteft  circumftances. 
When  I  produced  the  phenomenon  of  a  mufical 
chord,  which  may  be  excited  into  vibration  by  the 
refonance  only  of  certain  founds,  you  will  pleafc  to 
recoiled,  that  the  one  which  gives  the  unifon  of  the 
chord  in  queftion  is  the  moil  proper  to  fhake  it,  and 
that  other  founds  affeft  it  only  in  proportion  as  they 
are  in  confonance  with  it.  It  is  exaftly  the  fame  as 
to  light  and  colours ;  for  the  different  colours  cor- 
refpond  to  the  different  mufical  founds. 

In  order  to  difplay  this  phenomenon,  which  comv 
pletely  confirms  my  affertion,  let  a  dark  room  be 
provided ;  make  a  fmall  aperture  in  one  of  the  fhut- 
ters ;  before  which,  at  fome  diftaftce,  place  a  body  of 
a  certain  colour,  fay  a  piece  of  red  cloth,  fo  that, 
when  it  is  illumined,  it's  rays  may  enter  by  the  aper- 
ture into  the,  darkened  room.  The  rays  thus  tranf- 
'  mitted  into  the  room  will  be  red,  all  other  light 
being  excluded :  and  if  you  hold  on  the  infide  of  the 
room,  oppofite  to  the  aperture,  a  piece  of  cloth  of 
the  fame  colour,  it  will  be  perfe&ly  illumined,  and 
its  red  colour  appear  very  brilliant ;  but  if  you  fub- 

i  ftitutc 
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ftitute  in  it's  place  a  piece  of  green  cloth,  it  will  re- 
main obfcure,  and  you  will  hardly  fee  any  thing  of 
it's  colour.  If  you  place  on  the  outfide,  before  tht 
aperture,  a  piece  of  green  cloth,  that  within  the 
chamber  will  be  perfe&ly  illumined  by  the  rays  of 
the  firft,  and  it's  green  colour  appear  very  lively. 
The  fame  holds  good  as  to  all  other  colours ;  and  I 
do  not  imagine  that  a  more  convincing  demonftra- 
tion  of  the  truth  of  my  fyftem  can  be  demanded. 

We  learn  from  it,  that,  in  order  to  illuminate  a 
body  of  a  certain  colour,  it  is  neceffary  that  the  rays 
which  fall  upon  it  fhould  have  the  fame  colour ;  thofe 
of  1  different  colour  not  being  capable  of  agitating 
the  particles  of  that  body.  This  is  farther  confirmed 
by  a  well  known  experiment.  When  the  fpirit  of 
wine  is  fet  on  fire  in  a  room,  you  know  that  the 
flame  of  fpirit  of  wine  is  blue,  that  it  produces  only 
blue  rays,  and  that  every  perfon  in  the  room  appears 
very  pale,  their  faces,  though  painted  ever  fo  deep, 
have  the  afpe&  of  death.  The  reafon  is  evident ; 
the  blue  rays,  not  being  capable  of  exciting,  or  put- 
ting in  motion  the  red  colour  of  the  face,  you  fee  on 
it  only  a  feeble  and  bluifh  colour :  but  if  one  of  the 
company  is  drefled  in  blue,  fuch  drefs  will  appear 
uncommonly  brilliant.  Now  the  rays  of  the  fun, 
thofe  of  a  wax  taper,  or  of  a  common  candle,  illu- 
minate all  bodies  almoft  equally ;  from  whence  it  is 
concluded,  that  the  rays  of  the  fun  contain  all  co- 
fours  at  once,  though  he  himfelf  appears  yellowifli. 

In  truth,  when  you  admit  into  a  dark  room  the 
rays  of  all  the  fimple  colours,  red,  yellow,  greenf 
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* 

blue,  and  violet,  in  nearly  equal  quantities,  and  blend 
them,  they  reprefent  a  whitifli  colour.  The  fame 
experiment  is  made  with  various  powders,  coloured 
in  like  manner ;  on  being  mixed  together,  a  whitifli 
colour  is  the  refult.  Hence  it  is  concluded  that  white 
is  nothing  lefs  than  a  fimple  colour ;  but  that  it  is 
rather  a  compound  of  all  the  fimple  colours ;  accord- 
ingly we  fee  that  white  is  adapted  to  the  reception 
of  all  colours.  As  to  black,  it  is  not  properly  a  co- 
lour. Every  body  is  black  when  it's  particles  are 
fuch  that  they  can  receive  no  motion  of  vibration, 
or  when  it  cannot  produce  rays.  The  want  of  rays, 
therefore,  produces  the  fenfation  of  that  colour ;  and 
the  more  particles  there  are  found  in  any  body  not 
fufceptible  of  any  motion  of  vibration  on  it's  furface, 
the  more  blackifh  and  obfcureit  appears. 

l$tbjuly,  1760. 


LETTER    XXXIX. 

Transparency  of  Bodies  relative  to  the  Tranfmijfion  of 

Rays.  % 

T  HAVE  already  remarked,  that  there  are  bodies, 
-*■  fuch  as  glafs,  water,  and  efpecially  air,  which 
tranfknit  the  rays  of  light,  andj  on  account  of  this 
property,  are  denominated  pellucid  or  diaphonous. 
The  ether,  however,  is  t;he  medium  in  which  the 
rays  of  light  are  formed,  to  which  this  property  moft 
intimately  appertains  j  and  other  tranfparent  bodies 

are 
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are  endowed  with  it  only  by  means  of  the  ether 
which  they  contain,  and  with  which  they  are  fo 
blended,  that  the  agitations  excited  by  the  light  may 
be  communicated  farther  without  being  interrupted 
in  their  progrefs.  But  this  tranfmiffion  is  never  per- 
formed fo  freely  as  in  the  pure  ether,  though  it  al- 
ways lofes  fomething ;  and  this  in  proportion  as  the 
tranfparent  body  is  more  or  lefs  grofs.  The  groff- 
nefs  may  even  become  fo  confiderable,  that  the  light 
fhall  be  Wholly  loft  in  it ;  and  then  the  body  is  no 
longer  tranfparent.  Thus,  though  glafs  be  a  tranf. 
parent  body,  a  great  lump  of  glafs  feveral  feet,  thick 
is  not  fo.  In  like  manner,  however  pure  the  Water 
of  a  river  may  be,  you  cannot  fee  the  bottom  where 
it  is  very  deep,  though  you  can  very  eafily  where  it 
is  {hallow. # 

Tranfparency,  then,  is  a  property  of  bodies  rela- 

* 

*  The  common  diftin&ion  of  bodies  into  opaque  and  tranfpa- 
rent is  inaccurate,  for  every  body  has  a  certain  degree  of  tranfpa- 
rency. All  fubftanccs  abforb  light  in  it's  pafTage,  but  in  fome  this 
abforption  is  prodigious,. and  the  quantity  of  light  which  pene- 
trates through  a  certain  thicknefs  is  fo  exceedingly  minute  as  to 
elude  our  powers  of  perception.  When  the  thicknefs  is  much 
diminifhed,  the  light  becomes  fenfible,  even  in  the  cafe  of  bodies 
that  are  ufually  termed  opaque;  thus  we  can  fee  through  a  plate 
of  ivorjr  and  a  leaf  of  gold.  The  different  properties  of  fubftances 
with  refpedfc  to  the  tranfmiffion  of  light,  feems  to  depend  on  the 
greater  or  lefs  regularity  of  the  difpoiition  of  their  elementary  par- 
ticles, and  on  their  proximity  or  diftance  from  each  other ;  as 
thefe  circumftances  augment  or  diminifh  the  chance  of  a  ray's 
palling  within  the  limit  of  abforption.  Whatever  be  the  intenfity 
of  the  incident  light,  the  fame  proportion  of  it  is,  in,  a  given  body, 
tranfmittted  through  the  fame  thicknefs,— -JE.  £. 
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tive  only  to  their  thkkneft $  and  when  this  property 
is  afcribed  to  glafs,  to  water,  &c.  it  muft  always  be 
underftood  with  this  reftri&ion,  that  thefe  bodies 
are  not  too  gro&  ;  and  that  to  every  fpecies  there  is 
a  certain  meafure  of  thicknefs  beyond  which  the 
body  ceafes  to  be  tranfparent.  There  is  not  one 
opaque  body,  on  the  contrary,  which  may  not  itfelf 
become  tranfparent,  if  reduced  to  a  plate  extremely 
fine.  Thus,  though  gold  is  not  tranfparent,  gold 
leaf  is  fo ;  and  on  examining  the  minuter  particles 
of  all  bodies  with  a  microfcrope,  they  are  found  to 
be  tranfparent*  It  may  then  be  with  truth  affirmed, 
that  all  bodies  are  tranfparent  when  reduced  to  a 
certain  degree  of  finenefsj  and  that  no  one  is  fo 
when  too  groft. 

In  common  language  we  denominate  tranfparent 
the  bodies  which  preferve  this  quality  to  a  certain 
degree  of  thicknefs,  though  they  lofe  it  when  they 
go  beyond  that  bound.  But  with  refpeft  to  ether, 
it  is  of  it's  own  nature  perfectly  tranfparent,  and  it's 
extent  diminifhes  not  this  quality  in  the  fmalleft  de- 
gree. The  prodigious  difiance  of  the  fixed  ftars 
prevents  not  their  rays  from  being  tranfinitted  to 
us.  But  though  our  air  appears  to  be  of  a  perfect 
tranfparency,  if  it  extended  as  far  as  the  moon,  that 
tranfparency  would  be  entirely  loft,  and  would  pre- 
vent every  ray  of  the  fun,  and  of  the  other  heavenly 
bodies,  from  penetrating  to  us.  We  fliould  then  be 
involved  in  Egyptian  darknefs. 

The  reafon  of  it  is  evident,  and  we  remark  the 
fame  thing  in  {bund,  whofe  refexnblance  to  light  is 

confirmed 
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confirmed  in  every  refpeft.  Air  is  the  moft  proper 
medium  for  the  propagation  of  found ;  but  the  agi- 
tations excited  in  the  air  are  capable  of  {baking  alfo 
the  particles  of  all  bodies ;  and  thefe  again  putting  in 
motion  the  interior  particles,  finally  tranfinit  the  vi- 
bration through  the  fubftance  of  all  bodies,  unleft 
they  be  too  thick.  There  are  bodies,  then,  whiph, 
relatively  to  found,  are  the  fame  thing  which  tranf- 
parent  bodies  are  relatively  to  light ;  and  all  bodies 
have  this  property  with  relation  to  found,  provided 
they  are  not  too  thick.  When  you  are  in  your 
apartment,  you  can  hear  almoft  everything  that 
paffes  in  the  ante-chamber,  though  the  doors  are 
clofely  fhut,  becaufe  the  agitation  of  the  air  in  the 
ante-chamber  communicates  itfelf  to  -the  partitions, 
and  penetrates  through  them  into  the  inner  apart- 
ment with  fome  lofs,  however.  Were  the  partition 
removed,  you  would  undoubtedly  hear  more  di£ 
tinftly.  Now  the  thicker  the  walls  are,  the  more  of 
it's  force  does  the  found  lofe  in  piercing  through 
them :  and  the  walls  may  be  made  fo  thick  that  no- 
thing could  be  heard  from  without,  unlefs  it  were 
fome  terrible  noife,  fuch  as  a  difcharge  of  cannon. 

This  leads  me  forward  to  a  new  remark ;  that 
very  powerful  founds  may  be  heard  through  walls 
which  are  impenetrable  to  founds  more  feeble ;  and, 
confequently,  hi  order  to  form  a  judgment  whether 
a  wall  is  capable  of  tranfmitting  founds,  it  is  necef- 
fary  to  take  into  the  account  not  only  the  thicknefs 
of  the  wall,  but  likewife  the  ftrengh  of  the  found. 
If  the  found  is  very  feeble,  a  very  thin  wall  is  fuffi-v 
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dent  to  ftop  it,  though  a  louder  could  find  an  eafy 
tranfmiffioru  The  fame  thing  holds  as  to  bodies 
which  are  permeable  only  to  a  very  ftrong  light. 
Obje&s  not  very  brilliant  are  invifible  through  a  glafc 
blackened  with  fmoke,  but  the  rays  of  the  fun  force 
themfelves  through  it,  and  it  transmits  perfeftjy  well 
the  image  of  that  luminary.  Aftronqmers  employ 
this  method  to  obferve  him ;  for  without  fuch  pre- 
caution he  would  dazzle  the  eye.  And  when  you 
happen  to  be  in  a  dark  room,  with  an  aperture  in 
the  fhutter  expofed  to  the  fun,  in.  vain  will  you  at- 
tempt to  exclude  the  light  by  oppofing  your  h^jid  to. 
the  aperture ;  the  rays  of  the  fun  will  forc^  them* 
felves  through. 

It  is  perceivable  at  the  fame  time  that  the  light  of 
the  fun  lofes  much  of  it's  luftre  in  palling  through 
a  body  which,  relatively  to  other  obje&s,  is  not  it- 
felf  tranfparent.  But  a  very  ftrong  light  may  lofe 
much  of  it's  luftre,  before  it  is  entirely  extinguifhed, 
while  a  feebler  light  is  loft  at  once.  A  piece  of  very 
thick  glafs,  then,  will  not  be  tranfparent,  with  re- 
fped  to  obje&s  lefs  brilliant,  though  the  fun  may  be 
vifible  through  it. 

Thefe  remarks  on  tranfparent  bodies  lead  me  to 
the  theory  of  refraction,  of  which  you  have  fre- 
quently heard,  and  which  I  fliall  endeavour  to  place 
in  it's  proper  light. 

iZtbJuly,  1760. 
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LETTER  XXX. 

Of  the  TranfmiJJion  of  Rays  of  Lights  though  tranfparent. 

Mediums,  and  their  Refraftion.  . 

AS  long  as  light  moves  in  the  fame  medium, 
whether  it  be  ether,  air,  or  any  other  tranfpa- 
rent  body,  the  propagation  proceeds  in  ftraight  lines, 
denominated  rays,  as  they  proceed  from  the  luminous 
point,  in  all  directions,  as  the  radii  of  a  circle,  or  a 
globe,  iffue  from  the  centre.  In  the  fyftem  of  ema- 
nation, the  particles  darted  from  luminous  bodies 
move  in  ftraight  lines ;  the  fame  thing4  holds,  in  that 
which  I  have  had  the  honour  of  propofing,  in  which 
the  agitations  are  communicated  in  ftraight  lines,  as 
the  found  of  a  bell  is  tranfmitted  in  a  ftraight  line, 
by  which  alfo  we  judge  from  what  quarter  the  found 
comes  \  the  rays  in  both  fyftems,  then,  are  reprefented, 
by  ftraight  lines,  as  long  as  they  pais  through  the* 
fame  tranfparent  medium ;  but  they  may  undergo 
fbme  infleftion,  in  pafling  from  one  to  another ;  and 
this  inflection  is  called  the  refraftion  of  the  rays 
of  light,  the  knowledge  of  which  is  neceflary  to  ac- 
count for  many  phenomena.  I  proceed,  therefore, 
to  lay  down  the  principles,  in  conformity  to  which, 
refraction  takes  place.* 

*  The  quantity  of  refra&ion  is  not  proportional  to  the  denfity  of 
the  medium.  Sir  Ifaac  Newton  remarks,  that  inflammable  fub- 
ftances,  though  fpecifically  lighter  than  water,  produce  a  muck 
greater  refraction :  and  it  was  this  -analogy  which  fuggefted  to 
him,  that  diamonds  belong  to  the  Came  clafs ;  a  conje&ure  which; 
has  been  verified  within  thefe  few  years,— -E.  E, 
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It  is  an  invariable  law,  that,  when  a  ray,  fuch  as 
E  C  (plate  I*  Jig  8.)  falls  perpendicularly  on  the  fur- 
face  A  B  of  another  medium,  it  continues  it's  pro- 
grefs in  the  fame  ftraight  line  extended,  as  C  F ;  it 
will,  in  this  cafe,  undergo  no  inflexion  or  refraction. 
If,  then,  E  C  is  a  ray  of  the  fun,  falling  perpendicu- 
larly on  the  furface  A  B  of  water,  or  of  glafs,  it  will 
enter  it  in  the  fame  direction,  and  continues  it's  pro- 
grefs  in  the  line  C  F,  which  is,  likewife,  perpendicu- 
lar to  the  furface  A  B,  fo  that  E  F  fhall  be  in  one  and 
the  fame  ftraight  line*  This  is  the  only  cafe  in  which 
there  is  no  refraction.  But  as  often  as  the  ray  falls 
not  perpendicularly  on  the  furface  of  another  tranf- 
parent  body,  it  does  not  purfue  it's  progrefs  in  the 
fame  ftraight  line  j  it  recedes  lefs  or  more  from  it, 
and  undergoes  a  refra&ion. 

Let  P  C  (plate  \<jig.  9.)  be  a  ray,  falling  obliquely 
on  the  furface  A  B,  of  another  tranfparent  medium. 
On  entering  into  this  medium,  it  will  not  continue 
it's  progrefs  in  the  direction  of  the  ftraight  line  C  Q, 
which  is  the  line  P  C  produced ;  but  will  recede  from 
it,  in  the  direction  of  the  line  C  R,  or  C  S.  It  will 
undergo,  then,  at  the  point  C,  an  inflection,  which 
we  call  refraction,  which  depends  partly  on  the  dif- 
ference of  the  two  mediums,  and  partly  on  the  ob- 
liquity  of  the  direction  of  the  ray  P  C. 

In  order  to  comprehend  the  laws  of  this  injledion^ 
it  is  neceffary  to  explain  certain  terms  employed  in 
treating  this  fubjeft. 

1  ft.  The  furface  A  B,  which  feparates  the  two  me- 
diums, that  from  which  the  ray  comes,  and  that  into 
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which  it  enters,  is  called  the  refringent  furface.  adly. 
The  ray  P  C,  which  fells  upon  it,  is  called  the  inci- 
dent ray ;  and,  3dly,  the  ray  C  R,  or  C  S,  which 
purfues,  in  the  other  medium,  a  courfe  different  from 
C  Q,  is  called,  the  broken,  or  re/rafted  ray.  And, 
having  drawn  through  the  furface  A  B,  the  perpen- 
dicular line  E  C  F,  we  call,  4thly,  the  angle  PCE, 
formed  by  the  incident  ray  P  C,  with  the  perpendi- 
cular E  C,  the  angle  of  incidence ;  and,  5thly,  the  angle 
R  C  F,  or  S  C  F,  formed  by  the  refracted  ray  C  R 
or  C  S,  with  the  perpendicular  C  F,  is  called  the  angle 
cf  refraction. 

Therefore,  becaufe  of  the  inflexion,  which  the  ray 
of  light  undergoes,  the  angle  of  refra&ion  is  not  equal 
to  the  angle  of  incidence  PCE;  for  producing  the 
line  P  C  to  Q,  the  angles  P  C  E  and  F  C  Q  being 
vertical,  are  equal  to  each  other  ;*  as  you  will  eafily 
recoiled.  The  angle  Q  C  F,  then,  is  equal  to  the 
angle  of  incidence  PCE;  therefore,  the  angle  of  re- 
fra&ion  R  C  F  or  S  G  F,  is  greater  or  lefs.  There 
are,  then,  only  two  cafes  which  can  exift  ;  the  one, 
in  which  the  refrafted  ray  being  C  R,  the  angle  of 
refra&ion  R  C  F,  is  lefs  than  the  angle  of  incidence 
PCE;  and  the  other,  in  which  the  refrafted  ray 
being  C  S,  the  angle  of  refra&ion  is  greater  than  the 
angle  of  incidence  PCE.  In  the  former  cafe,  we 
fay,  that  the  ray  C  R  approaches  the  perpendicular 
C  F ;  and  in  the  other,  that  the  refrafted  ray  C  S,, 
recedes  or  deviates  from  the  perpendicular. 

It  is  neceffary,  then,  to  enquire,  In  what  cafes  the 

*  Euclid's  Elements,  Book  L  Prop.  15. 
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one  or  the  other  of  thefe  changes  will  take  place  ? 
And  we  fhall  find,  that  this  phenomenon  depends  on 
the  difference  of  the  denfityvof  the  two  mediums  j 
or  becaufe  the  rays  are  transmitted  with  more  or  lefs 
difficulty  through  each  of  them.     To  prove  this,  it 

• 

anuft  \)c  recollefted,  that  ether  is  of  all  mediums  the 
moft  rare,  and  that  through  which  rays  are  tranf- 
mitted,  without  the  flighted  refiftance.  After  it, 
the  other  common  tranfparent  mediums  are  thus  ar- 
ranged :  air,  water,  glafs  -y  thus  glafs  is  a  medium 
more  denfe  than  water;  water  than  air;  and  air 
than  ether. 

This  being  laid  down,  we  have  only  to  attend  to 
thefe  two  general  rules:  lft.  When  rays  pafs  from 
a  medium  lefs  denfe  into  one  which  is  more  fo,  the 
refrafted  ray  approaches  the  more  to  the  perpendi- 
cular. This  is  the  cafe,  in  which  the  incident  ray 
being  P  C,  the  refrafted  ray  is  C  R.  adly.  When 
the  rays  pafs  from  a  medium  more  denfe  to  one  lefs 
fo,  the  ref rafted  ray  recedes  from  the  perpendicular. 
This  is  the  cafe,  in  which  the  incident  ray  being  P  Cy 
the  refra&ed  ray  is  C  S.  Now,  this  inflexion  is 
greater  or  lefs,  according  as  the  two  mediums  differ 
in  refpeft  of  denfity.  Thus,  rays,  in  paffing  from 
air  into  glafs,  undergo  a  greater  refra&ion,  than 
when  they  pafs  from  air  into  water ;  in  both  cafes, 
however,  the  refrafted  rays  approach  the  perpendi- 
cular. In  like  manner,  rays  paffing  from  glafs  into 
air,  undergo  a  greater  "ref radian  than  when  they  pafs 
from  water  into  air ;  but  in  thefe  cafes,  the  refra&ed 
ray  recedes  from  the  perpendicular* 

Finally, 
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Finally,  it  muft  likewife  be  remarked,  that  the  dif-^ 
ference  between  the  angle  of  incidence  and  the  angle 
of  refraftion  is  fo  much  greater,  as  the  angle  of  in- 
cidence is  greater,  or,  as  the  incident  ray  recedes  far- 
ther: from  the  perpendicular,  the  greater  will  be  the 
infleftion  or  refraftion  of  the  ray,  A  relation  of  all 
thefe  angles  exifts,  and  is  determinable  by  geometry  j 
but  it  is  not  now  neceffary  to  enter  into  the  detail. 
What  has  been  already  faid,  is  fufficient  for  under- 
ftanding  what  I  have  farther  to  propofe  on  the  fuW 
jeft. 

aid  July,  1760* 
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1 
\ 

Refraftion  of  Rays  of  different  Colours. 

T^OU  have  feen,  that  when  a  ray  6f  light  pafles 
■*■  obliquely  from  one  tranfparent  medium  to  an- 
other, it  undergoes  an  inflexion,  which  is  called  re- 
fraftion, and  that  the  refraftion  depends  on  the  ob- 
liquity of  the  incidence,  and  the  denfity  of  the  me- 
diums, I  muft  now  call  upon  you  to  remark,  That 
diverfity  of  colours  occafions,  Kkewife,  a  fmall  va- 
riety in  the  refraftion.  This  arifes,  undoubtedly, 
1  from  hence,  that  the  rays  which  excite  in  us  the  fen- 
fations  of  different  colours,  perform  unequal  num* 
bers  of  vibrations  in  the  fame  times,  and  that  they 
differ  among  themfelves,  in  the  fame  manner  as 
fliarper  or  flatter  founds  do*    Thus,  it  is  obfervable, 

that 
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that  rays  of  red  undergo  the  leaft  inflection  or  re* 
fraction ;  after  them  come  the  orange ;  the  yellow, 
the  green,  the  blue  and  the  violet,  follow  in  order  % 
fo  that  violet-coloured  *ays  undergo  the  greateft  re- 
fraction ;  it  being  always  underftood,  that  the  ob- 
liquity of  the  incidence,  and  the  denfity  of  the  me* 
diums  are  the  fame.  Hence,  it  is  concluded,  that 
rays  of  different  colours  have  not  the  fame  refrangi- 
bility ;  that  the  red  are  the  leaft  refrangible,  and  the 
violet-coloured  the  moil  fo. 

If  then,  P  C  (plate  I*  jig.  i  o.)  is  a  ray  paffing,  for. 
example,  from  air  into  glafs ;  the  angle  of  incidence 
being  P  C  E,  the  refrafted  ray  will  approach  the  per- 
pendicular C  F ;  and  if  the  ray  be  red,  the  refraCted 
ray  will  be  in  the  direction  C — red ;  if  it  be  orange, 
the  refraCted  ray  will  be  C — orange,  and  fo  of  the 
reft,  as  may  be  feen  in  the  figure.  All  thefe  rays 
deviate  from  the  line  C  Q,  which  is  P  C  produced, 
toward  the  perpendicular  C  F  j  but  the  red  ray  de- 
viates  the  leaft  from  C  Q,  or  undergoes  the  leaft  in- 
flection, and  the  violet  recedes  the  fartheft  from 
C  Q,  and  undergoes  the  greateft  inflection. 

Now,  if  P  C  is  a  ray  of  the  fun,  it  produces,  at 
once,  all  the  coloured  rays  indicated  in  the  figure  ; 
and  if  a  piece  of  white  paper  is  placed  to  receive 
them,  you  will,  in  effeft,  fee  all  thefe  colours ;  hence, 
it  is  affirmed,  that  every  ray  of  the  fun  contains,  at 
once,  all  the  fimple  colours.  The  fame  thing  hap- 
pens, if  P  C  is  a  ray  of  white,  or  if  it  proceeds 
from  a  white  body.  We  fee  all  the  colours  pro- 
duced from  it  by  refraftion,  whence  it  is  concluded, 

that 


OF  DIFFERENT  COLOURS.  t2£ 

that  white  is  an  aflemblage  of  all  the  fimple  colours, 
2$  we  fliewed  formerly.  la  truth,  we  have  only  ta 
colled  all  thefe  coloured  rays  into  a  fingle  point,  and 
the  colour  of  white  will  be  the  refult. 

It  is  thus  we  difcover  what  are  the  fimple  colours* 
Refra&ion  determines  them  inconteftibly.  In  fol» 
lowing  the  order  which  it  prefents,  they  are  thefe: 
i.  red,  2.  orange,  3.  yellow,  4.  green,  5.  blue,  6.  vio- 
let. But  it  muil  not  be  imagined,  that  there  are 
but  fix :  for  as  difference  of  colours  arifes  from  the 
number  of  vibrations  which  rays  perform  in  one  and 
the  fame  time,  or  rather  the  undulations  which  pro- 
duce them :  it  is  dear,  that  the  intermediate  num- 
bers equally  give  fimple  colours.*  But  we  want 
names,  by  which  to  defign  thefe  colours ;  for  be- 

*  This  remark,  that  the  number  of  primitive  colours  much  ex- 
ceeds fix,  is  very  juft.  The  colours  of  the  rainbow,  or  of  the 
fpe&rum,  formed  by  a  prifm,  pafs  into  each  other  by  infenfible 
fhades,  fo  that  it  is  impoffible  to  define  their  boundaries.  There 
is  reafon  to  fufpedfe,  that,  even  the  great  Newton  was,  in  this  in- 
ffcance,  mitied,  by  a  predile&ion  for  the  number  feven,  which 
during  many  ages,  has  been  regarded  with  a  fort  of  myftical  ve-  . 
neratton.  The  correfpondence,  which  he  obferved,  between  the 
divifions  of  the  fpe&rum,  and  thofe  of  the  monochord,  and  which 
fo  many  authors  have  fince  repeated,  is  wholly  ideal ;  for  the  pro- 
portions, between  the  extent  of  the  different  colours  are,  in  a  great 
tneafure,  determined  by  the  peculiar  quality  of  the  refracting 
mediums.  Thus  a  prifm  of  glafs,  in.  which  alkali  predominates, 
forms  a  fpe&rum,  extremely  unlike  that  formed  by  one  of  glafs, 
compofed  principally  of  lead.  Were  a  perfon  to  reckon  only  the 
moft  confpicuous  of  the  primitive  colours,  he  would,  moil  pro- 
bably,  fele&  the  number  fix,  for  the  indigo  can  hardly  be  diftin-   ' 
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tween  yellow  and  green,  we  evidently  perceive  in* 
termediate  colours,  for  which  we  have  no  feparate* 
names* 

In  conformity  to  the  feme  laws,  are  produced  the 
colours  vifible  in  the  rainbow.  The  rays  of  the  fun, 
ki  pafling  through  the  drops  of  water  which  float 
through  the  air,  are,  by  them,  reflected  and  refra&ed, 
and  the  refra&ion  decompounds  them  into  the  fimple 
colours.  You  mud,  undoubtedly,  have  remarked, 
that  thefe  colours  follow  each  other,  in  the  fame  or- 
der,  in'  the  rainbow,  the  red,  orange,  yellow,  green, - 
blue,  and  violet ;  but  we  difcover  in  it,  alfo,  all  the 
intermediate  colours,  as  fhades  of  one  colour  to  an- 
other, and  had  we  more  names  to  diftinguifh*  thefe 
degrees,  we  might  find  more  of  them  from  the  one 
extremity  to  the  other.  A  more  copious  language 
may,  perhaps,  enable  another  nation  a&ually  to 
reckon  up  a  greater  number  of  different  colours ; 
and  another,  it  may  be,  cannot  reckon  up  fo  many  j 
if,  for  example,  it  wants  a  term  to  exprefs  what  we 
call  orange.  Some  to  thefe  add  purple,  which  we 
perceive  at  the  extremity  of  the  red,  but  whicji 
others  comprehend  under  the  fame  name  with  red. 

C.         D.        E.         F.        G.        A.        B. 
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Thefe  colours  may  be  compared  to  the  notes  of 
an  odave,  as  I  have  done  here,-  becaufe  the  relations 

of 


OF  DIFFERENT  COLOURS.  I  If 

of  colours,  as  well  as  thofe  of  founds,  may  be  ex- 
prefTed  by  numbers.  There  is  even  an  appearance, 
that  by  {training  the  violet  a  little  more,  you  may 
come  round  to  a  new  purple,  juft  as  in  rifing  from 
found  to  found,  on  going  beyond  B,  you  come  round 
to  c%  which  is  the  oftave  above  C.  And,  as  in  mufic, 
we  give  to  thefe  two  notes  the  fame  name,  becaufe 
of  their  refemblance,  the  fame  thing  takes  place  in 
colours,  which,  after  having  rifen  through  the  inter- 
vals  of  an  o&ave,  refume  the  lame  names :  or,  if 
you  will,  two  colours,  like  two  founds,  in  which  the 
number  of  vibrations  in  the  one,  is  precisely  the 
double  of  the  other,  pals  for  the  fame,  and  bear  the 
lame  name. 

On  this  principle  it  was,  that  father  Cq/tel,  in 
France,  contrived  a  fpecies  of  mufic  of  colours. 
He  conftru&ed  a  harpfichord,  of  which  every  key 
difplayed  a  fubftance  of  a  certain  colour,  and  he  pre- 
tended, that  this  harpfichord,  if  fkilfully  touched, 
would  prefent  a  moft  agreeable  fpe&acle  to  the  eye. 
He  gave  it  the  name  of  the  ocular  harpfichord,. and 
you  mult,  undoubtedly,  have  heard  it  talked  of. 
For  my  part,  painting  rather  feems  to  be  that  to  the 
eye,  which  mufic  is  to  the  ear ;  and  I  greatly  doubt, 
whether  the  reprefentation  of  feveral  fhreds  of  cloth, 
of  different  colours,  could  be  very  agreeable. 

tjtbjuly,  1760.  „ 
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LETTER  XXXIL 

Of  the  Azure-colour  of  the  Heavens. 

YOU  have  juft  feen,  that  the  caufe  of  the  vifib?- 
lity  of  obje&s,  is  a  motion  of  vibration  ex- 
tremely rapid,  by  which  the  minuter  particles  of 
their  furfaces  are  agitated,  and  that  the  frequency  of 
thefe  vibrations  determines  the  colour. 

It  is  the  fame  thing,  whether  thefe  particles  be 
agitated  by  an  intrinfic  force,  as  in  luminous  bodies, 
or  whether  they  receive  their  agitation  from  illumi- 
nation, or  from  foreign  rays,  by  which  they  are  il- 
lumined, as  in  opaque  bodies.  The  frequency  or  ra- 
pidity of  the  vibrations  depends  on  the  groffnefs  of 
thefe  particles,  and  on  their  elafticity,  as  that  of  the 
vibrations  of  a  mufical  firing  depends  on  it's  thick- 
nefs,  and  degree  of  tenfion  ;  thus,  as  long  as  the  par- 
ticles of  a  body  preferve  the  fame  elafticity,  they  re- 
prefent  the  fame  colour  ;  as  the  leaves  of  a  plant  pre- 
ferve a  green  colour,  as  long  as  they  are  frefh  ;  but 
when  they  begin  to  dry,  the  difference  of  elafticity, 
which  then  takes  place,  produces,  likewife,  a  different 
colour.  This  fubjeft  I  have  already  difcuffed.  I 
now  proceed  to  explain,  Why  the  heavens  appear  to 
VS  of  a  blue  colour  in  the  day-time. 

On  obferving  this  phenomenon  with  a  vulgar  eye, 
it  would  appear,  that  we  are  furrounded  by  a  prodi- 
gious vault  of  azure,  as  painters  reprefent  the  fky 
on  a  ceiling.    I  have  no  occafion  to  undeceive  you 
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tefpe&ing  this  prejudice :  a  finall  degree  of  reflec- 
tion is  fufficient  to  make  you  comprehend,  that  the 
heavens  are  not  an  azure  vault  to  which  the  ftars  are 
affixed,  like  fa  many  luminpus  ftud?*  .  You  are  ppr* 
feftly  convinced,  that  the  ft*rs  arenmfnenfe  bodies* 
at  inconceiveable  diftances  from  us,  and  which  move, 
freely  through  a  fpace  almoft  void,  or  which  is  filled 
only  by  that  fubtile  matter  called*  ether.  And  I  will' 
fhewyou,  that  this  phenomenon  is  to  be  afcribed  to 
our  atiftofphere*  which  is  not  perfeftly  tranfparent* 

Were  it  poflible  to  rife'  higher  and  higher  above 
die  furfece  of  the  earth,  the  air  would  become  gra* 
dually  more  and  more  rare,  till  it  ceafed  to  affift  ref* 
piration  ;  and  would,  at  length,  entirely  ceafe ;  we 
ftiould  then  have  reached  the  region  of.  pure  etheY* 
Accordingly,  in  proportion  as  we  afcend  on  moun- 
tains, the  mercury  in  the  barometer  continues  to 
foil,  becaufe  the  atmofphere  becomes  lighter  and 
lighter :  and  then,  likewife,  it  is  remarked*  that  the 
azure  colour  of  the  heavens  becomes  fainter )  and 
were  it  poflible  to  mount  into  pure  ether,  it  would 
entirely  difappear ;  on  looking  upward,  we  fhould. 
fee  nothing  at  all,  and  the  heavens  would  appear 
black  as  night ;  for  where  no  ray  of  light  can  reach 
us,  every  thing  wears  the  appearance  of  black. 

There  is  good  reafon,  then,  for  afking,  Why  tha 
heavens  appear  to  be  blue  ?  This  phenomenon  could 
not  exift,  were  air  a  perfeftly  tranfparfcnt  medium,, 
as  ether'  is :  in  that  cafe,  we  fhould  receive  from 
above  no  other  rays  but  thofe  of  the  ftars :  but  the 
Juftre  of  day-light  is  fo  great,  that  the  feeble  light. 
.  VoL.t.  K  '     rf 
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.  We  remark  a  fimilar  phenomenon  in  a  fog,  when 
the  air  is  loaded  with  a  great  quantity  of  opaque 
particles  of  a  whitifh  colour.  On  looking  to  only 
a  fmall  diftance,  you  fcarcely  perceive  the  fog ;  but 
when  the  difiance  is  confiderable,  the  whitilh  colour 
becomes  very  perceptible ;  to  fuch  a  degree,  that  it 
is  impoffible  to  fee  through  it.  The  water  of  the 
fea  appears  green  at  a  certain  depth ;  but  when  you 
take  up  a  fmall  quantity,  as  much,  for  inftance,  as  a 
glafs  will  contain,  it  is  fufficiently  diaphonous,  and 
has  no  fenfible  colour :  but  in  a  great  extent,  when 
you  look  toward  the  bottom,  fo  many  greenifh  rays 
collected  produce  a  deep  colour. 

2J tb  July,  ij6o» 

■which  is  dark  blue.  It  is  only  in  Teas,  not  exceeding  one  hundred 
fathoms  in  depth,  that  the  reflection  from  the  white  bottom  di- 
lutes the  proptr  colour,  and  forms  a  glaucous  hue.  This  appear- 
ance is  an  invariable  fign  of  the  fhallownefs  of  the  water,  which 
is  often  a  token  of  the  proximity  of  the  land.  Dr.  Hally  relates 
an  obfefvation  that  he  made  in  a  diving-bell,  which  confirms 
thefe  reafonings ;  after  defcending  to  a  great  depth  in  the  fea,  he 
firetcbed  out  his  hand,  on  which  the  fun  (hone  through  the  water, 
and  painted  a  beautiful  crimfon.  The  fame  obfervation  may  be 
extended,  even  to  fubftances  that  are  reckoned  opaque.  Hold  an 
ivory  knife  in  the  focus  of  a  burning  glafs,  perpendicular  to  the 
pencil  of  light,  and  a  bright  yellowtfh  fpot  will  be  perceived  on 
the  bapk.  Incline  the  knife  gradually,  and  the  colour  of  the  fpot 
will  pafs  through  all  the  intermediate  {hades,  an4  terminate  in  a 
fine  red.  It  is  fcarce  neceflary  to  remark,  that  this  experiment 
onuft  be  performed  expeditioufly,  left  the  iyory  be  fcorched. — E,E. 
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Of  Rap  iffuing  from  a  diflant  luminous  Pointy  and  of 

the  vifual  Angle. 

AS  long  as  the  rays  produced  by  the  rapid  vibra- 
tion of  the  minuter  particles  of  a  body,  move 
in  the  fame  tranfparent  medium,  they  preferve  the 
fame  direction,  or  diffufe  themfelves  in  all  directions, 
in  ftraight  lines.  Thefe  rays  may  be  reprefented  by 
the  radii  of  a  circle,  or  rather  of  a  fphere,  which* 
iffuing  from  a  centre,  proceed  in  ftraight  lines  to  the 
circumference ;  and  it  is  on  account  of  this  refem- 
blance,  that  we  employ  the  fame  term  radius ,  or  ray, 
to  exprefs  them,  though,  properly  fpeaking,  the  light 
does  not  confift  of  lines,  but  of  very  rapid  vibnu- 
tions,  going  continually  forward,  in  the  direction  of 
ftraight  lines :  and,  for  this  reafon,  light  may  be 
confidered  as  ftraight  lines,  iffuing  from  a  luminous 
point,  in  all  directions. 

Let  C  (plate  I.  fig*  u.)  be  a  luminous  point,  from 
which  rays  iffue  in  all  directions.  Let  two  fpheres 
be  defciribed  round  Q  as  a  centre,  of  the  one  of 
which,  let  the  great  circle  be  a  b  de,  and  of  the  other 
A  B  D  E.  The  light  difiufed  over  the  furface  of  the 
fmaller  fphere  abde,  will  likewife  occupy  that  of  the 
greater  fphere  A  B  D  E.  The  light,  then,  muft  be 
more  faint  and  weak  at  the  furface  of  this  laft,  thaxj 
pn  that  of  the  fmaller  fphere  abde.  Hence  it  may 
be  concluded,  that  the  effeCfc  of  light  muft  be  fmaller, 
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in  proportion  to  the  diftance  from  the  luminous 
point.  If  we  fuppofe,  that  the  radius  of  the  greater 
fphere  is  double  that  of  the  finaller,  the  furface  of 
the  greater  fphere  will  be  four  times  as  great.  Since* 
therefore,  the  fame  quantity  of  light  is  diflufed  over 
the  furface  of  the  greater  fphere,  and  over  that  of 
the  finaller,  it  muft  follow,  that  light,  at  double  the 
diftance,  is  four  times  more  faint ;  at  thrice  the  dif- 
tance, nine  times ;  at  a  quadruple  diftance,  fixteen 
times ;  and  fo  on.* 

On  applying  this  rule  to  the  light  of  the  fun,  it 
,will  appear,  that  if  the  earth  were  removed  to  double 
the  diftance  from  the  fun,  the  light  derived  from 
him  would  be  rendered  four  times  more  faint ;  and 
if  the  fun  were  a  hundred  times  farther  from  us,  his 
rfarightnefs  would  be  a  hundred  times  a  hundred,  that 
is,  ten  thoufand  times  lefs.  Suppofing,  then,  a  fixed 
ftar  to  be  as  great,  and  as  luminous  as  the  fun,  but 
that  itwas  400,006  times  fartherfrom  us,it's  light  will 
;be  400,000  times  400,000,  that  is,  160,000,000,000 
times  more  faint  than  that  of  the  fun.  Hence  we 
fee,  that  the  light  of  a  fixed  ftar  is  nothing,  compared 
to  that  of  the  fun ;  and  this  is  the  reafon  that  we 
do  not  fee  the  ftars  in  the  day  time ;  a  feebler  light 

*  As  the  furfaces  of  fpheres  are  to  one  another  as  the  fquares 

.of  their  radii,  it  muii  be  concluded^  from  what  the  Author  has 

just  now  faid,  that  the  intern!  ty  of  light,  at  different  di (lances 

from  the  point  which  produces  it,  is  in  the  inverfe  ratio  of  the 

•  'fquare  of  thefe  di (lances.     It  muft  be  recollected,  that  the  fquare 

of  a  number  is  the  product  which  results  from  the  multiplication 

of  that  number  bjt  itfcIL-~F.  £• 
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•klways  disappears  in  presence  of  (Me  much  more 
bright,  The  fame  thing  htilds  gbod  wkh  refped  to 
candles,  and  all  othdr  luminous  bodies*  Which  admi- 
nifter  \e&  light,  in  propdrti&n  to  their  diftance  from 
lis;  and  you  muft  have  ftfequ&itly  remarked,  that 
however  ftrong  a  light  inky  be,  it  is  infufficient  to 
affift  us  in  reading  a  printed  book,  if  you  remove 
from  it  to  any  confiderable  diftance- .  ; 

There  is  (till  another  drcumftance^  clofely  con* 
ne&ed  With  what  I  have  jttft  bbferved (  namely,  that 
the  fame  oBjeft  appears  ftoaUef  to  us,  in  proportion 
to  it's  diftance.  A  giant*  at  a  great  diftance,  does 
not  appear  taller  than  a  dwarf  near  us.  To  form  * 
clearer  judgment  of  thfe,  it  is  necfeflary  to  attehd  to 
the  ingles  at  which  thefe  obje&g  are  tfeen  by  us* 

Let  us  fuppofe,  then,  (plate  hjlg*  1  &,)  A  B  to  be 
an  object,  fay  a  man,  and  that  the  «ye  looks  at  it 
from  the  point  C,  Draw  from  that  point  the  ftraight 
lines,  A  C  attd  B  C,  which  teprefent  tjie  extreme 
rays  proceeding  from  the  objeft  to  the  eye ;  we  call 
the  angle  formed  at  C,  the  vifual  angle  of  that  ofo 
ject  for  the  point  C.  If  we  look  at  the  feme  obje& 
from  a  finaller  diftance*  at  D,  the  vifual  angle  D 
Will  be,  undoubtedly*  greater ;  hence  it  is  clear,  that 
the  more  diftant  the  &Q\t  6bjea  is,  thfe  fihalter  is  it's 
vifual  angle ;  and  the  hearer  it  approaches,  it's  vifual 
angle  becomes  greater* 

Aftronomers  meafure  very  accurately  the  anglesi 

under  which  we  fee  the  heavenly  bodies,  and  they 

have  found,  that  the  vifual  angle  of  the  fun  is  forne-. 

what  more  than  half  a  degree.    If  the  fun  ware 
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twice  farther  from  us,  this  angle  would  bp  reduced 
to  the  half;  and  then  it  will  not  feem  furprizing 
that  it  fhoykl  furnHh  us  four  times  Ids  light*  And 
f£  the  fop  were  400  times  farther  off,  his  vifual  angle 
would  becojnc  fo  many  times  Ids,  and  then  that  lu- 
pnnary  would  appear  no  greater  than  a  fiar.  We 
mull,  therefore,  carefully  difHnguifh  the  apparent 
greatnefe  of  any  objed  from  it's  real  greatnefs.  The 
firft  is  always  an  angle  greater  or  lefc,  according  as 
the  objed  is  nearer  or  more  diftant.  Thus  the  ap- 
parent greatne&<  of  the  fun,  is  an  angle  of  about 
half  ?  degree,  whereas  hi$  real  magnitude  fur  fur- 
pafles  that  of  the  earth ;  for  the  fun  being  a  globe, 
Ids  diameter  is  efiknated  to  be  173,000  German 
miles,*  while  the  diameter  of  the  earth  is  only 
i73otm3es.{ 

*  790,000  miles  Fnglifli,  f  7,910  miles  Rnghih. 

£  Afironorncrs  likewiie  cadi  the  apparent  diamrtrr  of  a  fear  the 
angle  under  which  it  is  ieen.  Thus,  they  fay,  that  the  mean  dia- 
meter of  the  fun  is  31'  58";  that  of  the  earth,  viewed  from  the 
fan,  would  be  17".  Hence  it  follows,  that  the  diameter  of  the 
earth  being  sS6$  leagnes,  that  of  the  fin  is  323,000  leagues. 
The  German  mile  contains  4000  fathoms,  or  24,000  feet.  The 
league  of  France  contains  228a  fathoms.  Hence  it  is  eafy  to  re* 
4noe  the  one  rneafoiement  mto  the  others— F.  E. 
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LETTER  XXXIV. 

1 

■  t 

*  1  • 

Of  the  Supplement  which  Judgment  lends  to  Vifion. 

WHAT  I  have  now  fubmitted  to  you  on  the 
phenomenon  of  vifion,  belongs  to  optics, 
which  is  a  branch  of  mixed  mathematics,  and  which, 
likewife,  holds  a  coniiderable  rank  in  phyfics.  Be- 
fide  colours,  the  nature  of  which  I  have  endeavoured 
to  explain,  it  is  the  bufinefs  of  optics  to  treat  of  the 
manner  in  which  vifion  ads,  and  of  the  different 
angles  under  which  objeds  are  feen. 

You  ipuft  have  already  remarked,  that  the  fame 
obje&  may  be  viewed,  fometimes  under  a  greater 
vifual  angle,  fometimes  under  a  {mailer,  as  it  is  left 
ojr  more  diftajit  from  us.  I  fay  farther,  That  a  fmaH 
objeft  may  be  viewed  under  the  fame  angle  as  a  great 
one,  when  thefprmer  is  very  near,  and  the  latter  very 
fiiftant.  A  fmall  difh  may  be  placed  before  the  eye 
in  f\ich  a  manner,  as  to  cover  the  whole  body  of  the 
fun ;  and,  in  effeft,  a  plate  of  half  a  foot  diameter, 
at  the  diftance  of  54  feet,  exa&ly  covers  the  fun,  and 
is  feen  undej*  the  fame  angle :  and  yet  what  a  pro- 
digious difference  between  the  fize  of  a  plate  and 
that  of  the  fun :  The  fujl  moon  appears  to  us  under 
nearly  the  fame  vifual  angle  as  the  fun,  and,  of  con- 
fequence,  nearly  as  great,  though  in  reality  much 
fmaller ;  but  it  is  to  be  considered,  that  the  fun  is 
jilmoft  409  times  mo^e  remote  from  us  than  the 

W99ns 

The 


138  THE  SUPPLEMENT  WHICH  JU&GMENT 

The  vifual  angle  is  a  point  of  fo  much  the  more 
importance  in  optics,  that  the  images  of  the  objects,, 
which  paint  themfelves  on  the  bottom  of  the  eye, 
depend  upon  it.  The  greater  or  lefs  the  yifual  angle 
is,  the  greater  or  lefs  they  (the  objefts)  are  great  or 
little.  And  as  we  fee  objefts  out  of  ©uffelves,  only 
fo  far  as  their  images  are  painted  oti  the  bottom  of 
the  eye,  they  confttotfte  the  immediate  objeft  of 
vifion  or  fenfation*  One  of  thefe  images,  therefore, 
leads  us  to  the  knowledge  only  of  three  things. 
Rrft,  it's  figure  and  it's  colours  conduft  to  the  eon- 
trlufion,  That  there  is,  out  of  u§,  a  fimflaf  objeft,  of 
fudh  a  figure,  and  fuch  a  colour.  Secondly,  it*s  mag- 
nitude difcovers  the  vifual  angle  under  which  the 
objeft  appears  to  us :  and,  finaHy,  it*s  place  on  the 
bottom  of  the  eye  makes  us  fcnfitte  of  the  direftion 
of  the  external  objeft,  relatively  to  us,  or  that  itt 
which  the  rays  emitted  from  it  reach  our  eyes. 

In  thefe  three  particulars  conflfts  the  phenomenon 
of  vifion ;  and  we  only  perceive,  ift,  the  figure  and 
colours ;  2dly,  the  vifual  angle,  or  the  apparent  mag- 
nitude ;  and,  3dly,  the  direction,  or  the  place  in 
which  we  conclude  that  the  objeft  exifts.  Vifion, 
then,  difcovers  to  us  nothing  refpefting  ekher  the 
real  magnitude  of  obje&s,  or  their  diftances.  Though 
we  frequently  imagine,  that  we  can  determine  by 
the  eye  the  magnitude  and  cfiftance  of  an  objeft, 
this  is  not  an  aft  of  vifion^  but  of  the  underftanding. 
The  other  fenfes,  and  habits  of  long  ftanding,  enable 
us  to  calculate  at  what  cfiftance  an  objeA  is  from  \x% 
But  this  faculty  extends  only  to  objefts  at  no  great 

7  diftance. 
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difblnce.  Whenever  their  diftance  becomes  consi- 
derable, our  judgment  cannot  exercife  itfelf  with 
certainty ;  and  if  fometimes  we  venture  to  hazard  a 
decifion,  it  is  generally  very  remote  from  the  truth. 

Thus,  no  one  can  pretend  to  fay  that  he  fees  the 
magnitude  or  the  diftance  of  the  moon  ?  and  when 
the  vulgar  imagine  they  can  judge  of  the  firft,  by 
confidering  it  as  equal  to  that  of  the  terreftrial  bo- 
dies which  are  feen  under  the  fame  angle,  it  is  not 
by  vifion  they  are  deceived,  but  by  their  judgment, 
which  they  want  to  apply  to  an  obje£  far  beyond 
their  reach.  It  is  certain,  therefore,  that  the  eyes 
alone  can  determine  nothing  refpe&ing  the  diftance 
and  magnitude  of  objefts. 

To  this  fubjeft  may  be  referred  the  very  remark* 
able  cafe  of  a  man  born  blind,  who  obtained  fight, 
by  means  of  an  operation^  at  an  advanced  period  of 
life  :*  This  perfoh  was  at  firft  dazzled :  he  could  di£ 
tinguifh  nothing  as  to  the  magnitude  and  diftance  of 
objefts.  Every  thing  appeared  fo  near,  that  he 
wanted  to  handle  them.  A  canfidcrable  time,  and 
long  praftice,  were  requifite  to  bring  him  to  the  reEl 
ufe  of  fight.  >  He  was  under  the  necefity  of  ferving 
a  long  *pprenticefhip,  fuch  as  we  perform  during  the 
term  of  childhood,  and  of  which  we  afterwards 
preferve  no  recollection. 

This  it  is  which  inftructed  us,  that  a&  object  ap- 
pears to  us  fo  much  the  more  dear  and  diitincl  as  it 

*  This  was  the  blind  man,  on  'whom  the  famous  Cfajhlden  per- 
formed the  operation  of  the  coaching  cataract. — F.  E. 

is 
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is  nearer ;  and  reciprocally,  that  an  objeft  which  ap- 
pears clear  and  diftinct  is  near  ;  and  when  it  appear? 
obfcure  and  indiftiact,  that  it  is  at  a  diftance.  It  is 
thus  that  painters,  by  weakening  the  tints  of  the  ob- 
jects which  they  wifh  to  appear  remote,  and  ftrength- 
ening  thofe  which  they  would  reprefent  as  nearer  j 
are  enabled  to  determine  our  judgment,, conformably 
to  the  effeft  which  they  mean  to  produce.  And  they 
iiicceed  fo  perfedly,  that  we  confider  fome  of  the 
obje&s  reprefettted  i»i  painting  as  more  diftant  thai 
others:  an  iUufion.  which"  could  not  take  place,  if 
vifion  difcovered  to  us  the  real  diftance  and  magni- 
tude of  objefts.  ,    . 


■  J 
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LETTER  XXXV, 

Explanation  of  certain  Phenomena  relative  to  Optics . 

rVf  OU  have  juft  feen,  that  vifion  alone  difcovers 
-*■  to  us  inothing,  refpeciing  either  the  real  mag- 
nitude  or-  the  diftance  of  objects ;  and  that  all  we 
imagine  we  fee,  whether  as  to  the  diftance  or  mag- 
nitude of  any  objeft,.  is  the  effect  of  judgment.  We 
muft  carefully  diftinguilh  that  which  the  fenfes  re- 
prefent to  us,  from  what  judgment  adds,  in  which 
we  frequently  deceive  ourfelves.  Many  philofophers, 
who  have  declaimed  againft  the  accuracy  of  the 
fenfes,  and  who  meant  thence  to  infer  the  uncer- 
tainty 
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tainty  of  all  human  knowledge*  have  confounded 
the  proper  reprefentations  of  our  fenfes  with  judg- 
ment. 

This  is  their  mode  of  reafoiiing :  We  fee  the  fun 
no  bigger  than  a  trencher,-  though  it  be  infinitely 
greater ;  .therefore  the  fenfe  of  feeing  deceives  us ; 
therefore  all  our  fenfes  deceive  us ;  at  leaft,  we  can- 
not depend  on  them :  therefore^  all  the  knowledge 
we  acquire  by  means  of  the  fenfes,  is  uncertain,  and 
probably  falfe :  We,  therefore,  know  nothing.  Such 
is  the  reafoning  of  thefe  fceptics,  who  boaft,  fo  vain 
glorioufly,  of  their  ingenuity ;  though  there  be  no- 
thing fo  eafy  as  to  fay,  that  every  thing  is  uncertain ; 
and  the  gfeateft  dunce  may  make  a  {hining  figure  in 
this  fubliriie  philofophy.  But  it  is  abfolutely  falfe, 
that  the  fight  reprefents  to  us  the  fun  no  bigger 
than  a  pewter  plate ;  it  deternrines  nothing  what- 
ever refpefting  his  magnitude ;  it  is  our  judgment 
alone  that  deceives  us.  When  the  objects,  however, 
are  not  very  diftant  we  can  pronounce  with  toler- 
able exa&nefs  on  their  dimenfions  and  diftances  ;• 
and  the  other  fenfes,  joined  to  the  degree  of  clear- 
ness with  which  we  fee  thefe  fame  obje&s,  render 
our  judgments  f  jfEciently  certain.  Now,  as  foon  as 
we  have  the  idea  of  the  diftance  of  an  objeft,  we 
form  to  ourfelves,  likewife,  that  of  it's  real  magni- 
tude, knowing  that  it  depends  on  that  diftance. 
* 

*  Such  were  the  Pyrrhonifls.  We  ftill  give  the  name  of  fcep- 
tivijin,  or  Pyrrhqpifm,  to  this  Hate  of  univerfal  doubt  or  uncer- 
tainty.—P.  E. 

Hence 
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Hence,  the  more  diftant  we  reckon  an  objeft  to  be$ 
the  greater  we  conclude  is  it's  magnitude ;  and  reci- 
procally, the  nearer  we  conclude  it  is,  the  (mailer  we 
fuppofr  it-  We,  of  courfe,  frequently  take  One  body 
for  another  of  much  greater  magnitude,  when  a  fut 
penfion  of  judgment  prevents  our  taking  diftance 
into  the  account*  The  reafon  is  that  a  very  largp 
body  may  be  fee*  at  a  great  diftance,  under  the  lame 
angle  as  a  finall  objed  placed  near  us. 

There  is  anothet  phenomenon,  well  known  to 

* 

every  one,  and  which  has  given  occafion  to  many 
difputes  among  the. learned,  and  which  h  i*  now 
perfectly  eafy  to  explain.  The  fuH  moon  appears 
to  every  eye  at  the  time  of  her  riling  to  be  much 
greater  than  when  flie  has  got  to  a  confidence  height 
above  the  horizon,  though  the  vifual  angle  of  the 
apparent  magnitude  be  the  fame.  The  fun,  too,  at 
the  time  of  rifing  and  fetting,  appears  to  every  one 
greater  than  at  noon.  What  then  is  the  foundation 
of  this  judgment,  fo  univerfal,  and  fo  falfe  ?  It  is  un- 
doubtedly becaufe  we  judge  the  fun  and  the  moon 
in  the  horizon  to  be  at  a  greater  diftance  from  us 
than  when  they  have  got  to  a  conliderable  height. 

But  how  come  we  to  form  fuch  a  judgment  ?  Ths 
common  anfwer  is,  that  when  the  fun  and  the  moon 
are  in  the  horizon,  we  perceive  a  great  many  obje&s 
between  them  and  us  which  feem  to  increase  their 
diftance;  whereas  when  the  fun  and  moon  have 
rifen  to  a  great  height^  we  perceive  nothing  between 
them  and  us,  and  therefore  conclude  that  they  are 

nearer, 
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nearer*  I  know  not  whether  this  explanation  will 
be  fatisfa&ory.  it  may  be  obje&ed  that  an  empty 
apartment  appears  greater  than  one  completely  fur* 
niflied,  though  the  fize  be  exa&ly  the  fame ;  feveral 
intervening  obje&s,  therefore,  do  not  always  lead  us 
to  imagine  that  one  more  remote  is  at  a  greater  di£ 
tajnce  than  is  really  the  cafe.  I  flatter  myfelf  that 
the  following  folutioa  will  be  deemed  more  natural* 
and  better  founded. 

Let  the  circle  A  (plate  h  jfg.  13.)  reprefent  the 
earth*  and  the  dotted  circle  the  atmoiphere,  or  air 
with  which  the  earth  is  furrounded  >  fuppofe  your* 
felf  Rationed  at  the  point  A,  if  the  moon  is  io  the 
horizon,  the  rays  will  reach  you  m  the  dire&km  of 
the  line  B  A  j  but  in  her  extreme  height,  the  rays 
will  defcend  \n  the  line  C  A.  In  the  firft  cafe  the 
rays  pafs  through  the  greater  fpace  B  A ;  and  in  the 
fecond  cafe  through  the  fmaller  fpace  C  A.  Now, 
you  will  pfeafe  to  recofleft,  that  the  rays  of  light 
which  pafe  through  a  tranfparent  medium  have  their 
.force  diminifhed  in  proportion  to  the  length  of  the. 
paflage.  The  atmofphere  or  air,  thea,  being  a  tranf- 
parent medium,  the  ray  B  A  rauft  in  it's  paflage  lofe 
much  more  of  it's  force  than  the  ray  C  A.  Hence 
it  follows,  in  general,  that  all  the  celeftial  bodies  ap- 
pear much  leis  brilliant  in  the  horizon  than  whqn 
fully  rifen  and  elevated.  We  are  able  to  look  dire&ly 
even  at  the  fun,  when  he  is  in  the  horizon ;  but 
when  once  he  has  gained  a  certain  height,  the  eye  is 
conftrained  to  flirink  from  his  luftre. 

I  conclude  from  this  that  the  moon,  too,  appears. 

lefs 
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lefs  brilliant  in  the  horizon  than  when  elevated.*' 
Now,  you  will  recolleft  what  1  faid  a  Kttle  above,  ii$ 
fpeakiflg  of  effeft  ill  paintings  that  the  fame  objefl: 

appear? 

*  This  explanation  of*  the  appearance  of  the  horizontal  moon 
was  offered,  in  the  beginning  of  the  prefent  century,  by  the  acute' 
£>r.  Berkeley,  BHhop  of  Cloyne.  It  ha*  fince  been1  Teruted  by 
tjiat  excellent  6p6cian, .  Dr^  Smith,  who  -was  the  firft  that  com- 
pletely inveftigated  this  curious  fubject.  The  following  »  ah  ab-» 
ftract  of  the  theory,,  from  Dr.  Prieftley's  "  Hifiory  #f  Vifion, 
Light,  and  Colours. 

'« If  the  ftirface  of  the  earth  were  perfectly  plane,*'  {ays  t>t< 
Smith,  "  the  diflance  of  the  vifible  horizon  would  Scarce  exceed 
5000  times  the  height  of  the  eye  above  the  ground,  or  the-diftance 
of  miles  (fuppofing  the  height  of  the  eye  to  be  between  five  and 
fix  feet)  and  all  objects  placed  beyond  that  diftanpo  would  appear 
in  the  vifible  horizon.  All  objects  and  cloud's,  like  wife,  placed  at 
any  diflance  beyond  this,  muft  confequently*  if  they  be  vifible  at 
all,  appear  to  be  in  the  horizon.  "  Hence/'  he  fays*  "  if  we 
fuppofe  a  vaft  wall  to  be  built  at  the  extremity  of  the  plane,  be- 
yond the  point  of  vifible  diftance,  it  will  not  appear  ftraight,  but 
circular,  as  if  built  upon  the  circumference  of  the' horizon  ;  and, 
if  continued  infinitely,  would  make  a  perfect  (emi-circle.  If  now1 
this  round  plane,  with  the  wall  upon  it,  be  imagined  to  be  raifed, 
till  it  come  perpendicular  to  the  reft  of  the  plane,  on  which  a  per- 
son (lands,  the  wall  will  appear  like  the  eoncarve  figure  of  the 
clouds  over  his  head.  But  though  the  wall  in  the  horizon  appear 
in  the  (hape  of  a  femi-circle,  yet  the  cielmg  will  not,  but  much 
flatter ;  becaufe  the  horizontal  plane  was  a  vifible  furface,  which 
fuggefted  the  idea  of  the  fame  difiances  quite  round  the  eye ;  but 
in  the  vertical  plane,  extended  between  the  eye  and  the  deling, 
there  is  nothing  that  affects  the  fenfe  with  an  idea  of  it's  parts. 
Confequently  the  apparent  diftances  of  the  higher  parts  of  the 
cieling  will  be  gradually  diminished.  Now,  when  the  fky  is  quite 
overcaft  with  clouds  of  equal  gravities,  they  will  all  float  in  the 
air  at  equal  heights  above  the  earth,  and  confequently  wiH  com- 

pofe 
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appears  to  us  more  diftant  when  it's  light  is  weak- 
ened :  the  moon,  then,  being  in  the  horizon,  muft 
appear  more  diftant  than  at  any  point  of  elevation* 

• 

pofe  a  furface  refembling  a  large  cieling,  as  flat  as  the  vifible  fur- 
»  face  of  the  earth.  It's  concavity,  therefore,  is  not  real,  but  appa- 
rent ;  and  when  the  heights  of  the  clouds  are  unequal*  fince  their 
real  (hapes  and  magnitudes  are  all  unknown,  the  eye  can  feldora 
diftinguifh  the  unequal  diftances  of  thofe  clouds  which  appear  ia 
the  fame  directions,  unlefs  when  they  are  very  near  us,  or  are 
driven  by  contrary  currents  of  the  air.  So  that  the  vifible  {nape 
of  the  whole  furface  remains  alike  in  both  cafes.  And  when  the 
iky  is  either  partly  bvercaft,  or  perfe&ly  free  from  clouds,  it  is  a 
fadt  that  we  dill  retain  much  the  fame  idea  of  it's  concavity,  as 
when  it  was  quite  overcaft.  But  if  any  one  thinks  that  the  reflexion 
of  light  from  the  air  is  alone  fufficient  to  fuggeft  that  idea,  he 
would  not  difpute  it.*9 

"  The  concavity  of  the  heavens  appears  to  the  eye,  which  it 
the  only  judge  of  an  apparent  figure,  to  be  a  lefs  portion  of  a  fphe- 
rical  furface  than  an  hemifphere.  In  other  words,"  he  fays,  "  the 
center  of  the  concavity  is  much  below  the  eye£  and,  by  taking  a 
medium  among  feveral  obfervations,  he  found  the  apparent  dif* 
tance  of  it's  parts,  at  the  horizon*  was  generally  between  three 
and  four  times  greater  than  the  apparent  diftance  of  it's  parts  over 
head." 

"  This  he  determined  by  mea Curing  the  actual  height  of  fome  of 
-the  heavenly  bodies,  when,  to  his  eye,  they  feemed  to  be  halfway 
between  the  horizon  and  the  zenith.  In  this  cafe  their  real  altitude 
was  only  23  degrees." 

Upon  thefe  principles  Dr.  Smith  conftru&ed  the  following  table  : 


Sun  or  Mpon's  altitude, 
'in  degrees* 

Apparent  Diameters, 
or  diftances. 

00 

100 

*s 

68 

30 

5° 

4S 
60 

40 

34 

75 
90 

3* 

30     £.  E. 

Vol.  L 

L 

The 
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The  confeq\i£nce  is  obvious ;  as  we  judge  the  dis- 
tance of  the  moon  greater  in  the  horizon,  we  muft 
likewife  judge  her  magnitude  greater.  And  in  ge- 
neral all  the  ftars,  when  near  the  horizon,  appear  to 
us  greater,  becaufe  their  apparent  diilance  is  greater. 

yd  Jugujl,  1760. 
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Of  Shade. 

I  HAVE  endeavoured  to  explain  almoft  all  that  is 
ufually  treated  of  in  optics.  All  that  remains  is 
to  fpeak  of  fhade.  You  already  know  too  well  what 
is  meant  by  flxade  to  render  it  neceffary  for  me  to 
dwell  long  on  the  fubjeft.  Shade  always  fuppofes 
two  things :  aTliiminous  body,  and  an  opaque  body, 
which  does  not  tranfmit  the  rays  of  light.  The 
opaque  body,  then,  prevents  the  rays  of  a  luminous 
body  from  getting  behind  it,  and  the  fpace  which 
the  rays  cannot  reach,  from  this  interception,  is  called 
the  fhade  of  the  opaque  body,  or,  what  comes  to  the 
fame  thing,  fhade  includes  all  that  fpace  in  which  the 
luminous  body  is  not  to  be  feen,  becaufe  the  opaque 
body  obftrucls  it's  rays. 

« 

Let  A  {plate  I.  Jig.  14.)  be  a  luminous  point,  and 
B  C  D  E  an  opaque  body.  Draw  the  extreme  ra)  s 
A  B  M,  A  D  N,  touching  the  opaque  body.  It  is 
evident  that  no  ray  of  light  proceeding  from  A,  can 
penetrate  into  the  fpace  MBEDNj  and  in  what- 
ever 
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tevfefr  pOiiit-withinF  that  fpaCe  the  eye  may  be  placed, 
at  O  for  example,  it  will  not  fee  the  luminous  body. 
This  fpace  is  the  ihade  of  the  opaque  body,  and  we 
fee  that  it  is  continually  increafing,  and  may  extend 
to  infinity,  ,But  if  the  body  from  which  the  rays 
proceed  be  itfelf  of  great  magnitude,  the  determina- 
tion of  the  £hade  is  fomewhat  different.     There  are 

« 

three  cafes  .which  demand  confideration ;  the  firft  is, 
when  the  luminous  body  is  lefs  than  the  opaque  ; 
the  fecond,  when  they  are  equal;  and  the  third, 
when  the  luminous  body  is  the  greater.  The  firft 
cafe  is  that  which  we  have  now  been  confidering,  in 
which  the  light  is  fmaller  than  the  opaque  body* 

The  fecond  is  reprefented,  (plate  I.  Jig*  1 5.)  in 
which  the  luminous  body  A  is  of  the  fame  magnitude 
with  the  opaque  body  B  C  E  D.  If  you  draw  the 
extreme  rays  A  B  M,  A  E  N,  the  fpace  M  B  E  N 
will  be  ihaded,  and  through  the  whole  of  that  fpace 
it  will  be  impoffible  to  fee  the  luminous  body.  You 
fee,  likewife,  that  the  lines  B  M  and  E  N  are  parallel, 
and  that  the  {hade  extends  to  infinity,  always  pre- 
ferving  the  &me  breadth. 

The  third  cafe  is  exhibited,  (plate  I.  Jig.  1 6.)  in 
which  the  luminous  body  A  A  is  greater  than  the 
opaque  body  BCED.  The  extreme  rays,  touch- 
ing the  opaque .  body  in  B  and  E,  if  produced,  will 
meet  in  the  point  O,  and  the  fpace  of  the  {hade  B  O  E 
becomes  finite,  and  terminates  in  O.  The  {hade,  in 
this  cafe,  is  termed  conical.  It  is  only  into  this  fpace 
that  the  light  has  no  admifllorf,  and  in  which  it  is 

L  2.  impoilible 
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impofSble  to  fee  the  luminous  body*    To  this  third 
,  cafe  belong  the  {hades  of  the  cekftial  bodies,  which 
are  much  {matter  than  the  luminous  body  which  en- 
lightens them,  namely  the  fun. 

We  have  here,  then,  another  difplay  of  the  Cre- 
ator's wifdom.  For  if  the  fun  were  {mailer  than  the 
planets,  their  {hades  would  not  be  terminated,  but 
extend  to  infinity,  which  would  deprive  hnmenfe 
fpaces  of  the  benefit  of  the  fun's  light.  But  the 
magnitude  of  that  luminary  furpaffing  by  fo  many 
times  that  of  the  planets,  their  fliades  are  contra&ed 
to  very  narrow  bounds,  from  which  alone  the  Hght 
of  the  fun  is  excluded. 

It  is  thus  that  the  earth  and  the  moon  projeft 
their  conical  fliades ;  and  the  moon  may  occasionally 
plunge  into  the  {hade  of  the  earth  dither  partially  or 
totally.  When  this  takes  place,  we  {ay  the  moon  is 
eclipfed,  either  wholly  or  in  part.  In  the  former 
cafe  we  call  it  a  total  eclipfe  of  the  moon ;  in  the 
other,  a  partial  eclipfe.  The  moon,  likewife,  pro* 
je&s  her  {hade,  but  it  is  fmaller  than  that  of  the 
earth.  It  may  happen,  however,  that  the  {hade  of 
the  moon  fhould  extend  as  far  as  to  the  earth ;  and 
then  thofe  who  are  involved  in  that  fhade,  undergo 
an  eclipfe  of  the  fun.  An  eclipfe  of  the  fun,  then,, 
takes  place  when  the  moon,  interpofing,  prevents 
our  feeing  the  fun  wholly,  or  in  part.  We  fee  not 
the  fun  by  night,  though  there  be  no  eclipfe ;  but 
we  are  then  in  the  fhade  of  the  earth,  which  caufes 
our  greateft  obfeurity* 

s. 
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Hitherto  we  have  confidered  only  the  cafes  in 
which  the  rays  of  light  are  tranfmitted  in  ftraight 
lines,  which  is  the  profeffed  objeft  of  optics.  But 
it  has  been  already  remarked,  that  the  rays  of  light 
are  fometimes  reflefted,  and  fometimes  broken,  or 
refra&ed.  You  will  recollect,  that  when  the  rays  fall 
on  a  well-polifhed  furface,  fuch  as  a  mirror,  they  are 
reflefted  from  that  furface ;  and  when  they  pais  from 
one  tranfparerit  medium  to  another,  they  undergo 
refra&ion,  and  are  in  fome  fenfe  broken.  Hence 
arife  two  other  fciences.  That  which  confiders  vi- 
rion in  reference  to  refle&ed^rays  is  called  catoftrics; 
and  that  which  has  for  it's  objeft  vifion,  in  reference 
to  broken  or  refrafted  rays,  is  termed  dipptrics.  Op- 
tics treat  of  vifion  relatively  to  direft  rays  of  light* 
I  fliall  prefent  yon  with  a  fummary  of  thefe  two 
fciences,  catoptrics  and  dioptrics,  as  they  difclofe 
phenomena  which  are  every  day  prefenting  them- 
felves,  and  of  which  it  is  of  importance  to  invefti- 
gate  the  caufes  and  the  properties.  Every  thing  re- 
lating to  the  fubjeft  of  vifion  is,  beyond  contradic- 
tion, axi  objeft  highly  worthy  of  exciting  curiofity, 
2nd  of  engaging  attention* 

yb  Augufty  1 760. 
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LETTER  XXXVII. 

Of  Catoptrics,  and  the  Reflection  of  Rays  from  plain 

Mirrors. 

/CATOPTRICS  treat  of  vifion  relatively  to  refled- 
^^  ed  rays.  When  rays  of  light  fall  on  a  well  po- 
liflied  furface,  they  are  refle&ed  in  fuch  a  manner 
that  the  angles  on  all  fides  are  equal  among  them- 
felves.  • 

To£fet  this  in  a  clear  light,  let  A  B  (plate  I.Jtg. 
1 7.)  be  the  furface  of  a  common  mirror,  and  P  a  lu- 
minous point,  whofe  rays  P  Q,  P  M,  P  m,  fall  upon 
the  mirror.  Of  all  thefe  rays,  let  P  Q  be  that  which 
falls  perpendicularly  on  the  mirror,  and  which  has 
this  particular  and  remarkable  property,  that  it  is  re- 
flected upon  itfelf  in  the  direftion  6f  Q  P ;  juft  as  on 
a  billiard  table,  when  the  ball  is  ftruck  perpendicu- 
larly againft  the  ledge,  it  is  repelled  in  the  felf-fame 
dire&ion.  But  every  other  ray,  as  P  M,  is  refle&ed 
in  the  line  M  N,  in  fuch  a  manner  as  to  make  the 
angle  A  M  N  equal  to  the  angle  BMP;^  in  which  it 
is  to  be  remarked,  that  the  ray  P  M  is  named  the 
incident  ray,  and  M  N  the  reflefted  ray.  In  like 
manner,  to  the  incident  ray  P  /?/,  will  correfpond  the 
refle&ed  ray  m  n  ;  and,  confequently,  becaufe  of  the 
refleftion,  the  ray  P  M  is  continued  in  the  direftion 
of  the  line  M  N,  and  the  ray  P  m  in  the  direction  of 
m  n,  fo  that  we  have  the  angle  A  M  N,  equal  to  E* 
M  P,  and  the  angle  A  ;//  h,  equal  to  the  angle  B ;//  P. 

This 
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This  property  is  thus  enounced :  The  angle  of  reflec- 
tion is  always  equal  to  the  angle  of  incidence. 

I  have  already  taken  notice  of  this  ftriking  prp-' 
perty ;  but  my  defign,  at  prefent,  is  to  fhew  what 
the  phenomema  in  vifion  are  which  refult  from  it.* 
Firft,  it  is  evident,  that  an  eye,  placed  at  N,  will  re- 
ceive  from  the  luminous  point  P,  the  reflefted  ray 
M  N ;  thus  the  ray  which  excites  in  that  eye  the 
fenfation  of  the  body  from  whence  it  proceeded, 
comes  in  the  dire&ion  M  N,  juft  as  if  the  objeft  P 
were  in  fome  point  of  that  line ;  hence  it  follow^ 
that  the  eye  muft  fee  the  object  P  in  the  dire&iorf 
NM. 

In  order  the  more  clearly  to  elucidate  this  faft,  we 
muft  have  recourfe  to  geometry ;  and  you  wiH  re- 
collect with  pleafure  the  propofitions  on  which  the 
following  reafoning  is  founded.  Let  the  perpendi- 
cular ray  P  Q  be  produced  on  the  other  fide  the  mir* 
ror  to  R,  fo  that  Q  R  fliall  be  equal  to  PQ;  I  will 
fhew  you  that  all  the  refle&ed  rays,  M  N,  and  m  n 
being  produced  behind  the  mirror,  muft  meet  in  that 
point.  For,  taking  the  two  triangles  PQM  and 
RQM,  they  have  firft  the  fide  M  Q  common  to 
both ;  then  the  fide  Q  R  was  made  equal  to  the  fide 
P  Q ;  and,  finally,  the  angle  PQM  being  a  right 
angle,  it's  adjacent  angle  RQM  muft  Kkewife  be  a 
right  angle.*  Therefore  thefe  two  triangles,  hiving 
each  an  equal  angle  contained  by  two  equal 'fides, 
ihall  be  every  way  equal,!  and  confequently  the  angle 

*  Euclid's  Elements,  book  I.  Prop.  -13, 
f  Euclid,  book  I»  Prop.  4.. 


% 


I5»  Of  CATOPTRICS,  &q 

PMQ  equal  tQ  the  angle  R  NJ  Q?  But  (he  angle 
A  M  N,  and  the  angle  RMQ,  being  vertical,  are 
equal  to  each  other^  therefore  alfp  the  angle  A  M  N 
{hall  be  equal  to  the  angle  PMQ;  that  is,  the  angle 
of  reflection  {hall  be  equal  to  the  angle  of  incidence. 
In  the  fame  manner  it  is  depionftrated  that  the  re- 
flected ray  m  n  being  produced,  would  likewife  pafs 
through  the  point  R,  and  confequently  produce  in 
the  eye  the  fame  effeft  as  if  the  objeA  P  were  a&ually 
placed  behind  the  mirror  at  R,  this  point  being  in 
the  perpendicular  P  Q  R,  at  the  fame  diftance  as  P 
from  the  furface  of  the  mirror,  but  on  different  fides. 
This  will  enable  you  to  comprehend  clearly  why 
mirrors  reprefent  obje&s  as  if  they  were  behind 
them ;  and  why  we  judge  that  thefe  objects  are 
placed  as  far  behind  this  furfece  of  the  mirror  as  they 
really  arc  before  it.  It  is  thus  the  mirror  tranff>orts 
qbje&s  into  another  place,  without  changing  their 
appearance.  To  diftinguifh  in  the  mirror  that  appa- 
rent objed  from  the  real,  we  name  the  apparent  ob- 
je&  the  image,  and  we  lay  that  the  images  reprefent* 
ed  by  reflected  rays  are  behind  the  mirror.  This 
.denomination  ferves  to  diftinguiih  real  objects  from 
the  images  of  them  reprefented  in  mirrors  -y  and  the 
images  which  we  fee  in  mirrors  are  perfectly  equal 
and  fimilar  tp  the  objects,  with  this  exception,  that 
what  in  the  pbjed  h  on  the  left  appears  in  the  image 
on  the  right,  and  reciprocally.  Thus  a  perfon  wear* 
ing  his  fword  on  the  left  fide,  appears  with  it  in  the 
inirror  on  his  right. 

•  Euclid,  book  I.  Pjop.  ic. 
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Fropi  what  has  been  faid,  it  ii  always  eafy  to  fettle 
the  image  of  any  ohjed  whatever  behind  the  mirror. 

For  A  B  (plate  TLJtg*  i .)  being  a  mirror,  and  E  F 
an  obje$,iay  an  arrow :  draw  from  the  points  £  and 
F  the  perpendiculars  £  G  and  F  H,  to  the  furface  of 

m 

the  mirror,  and  produce  thefe  to  e  and  /,  fo  that 
E  G  fliaD  be  equal  to  e  G,  and  F  H  to/H,  */wi!l 
be  the  imagp  fought,  which  will  be  equal  to  the  ob- 
ject E  F,  becaufe  the  quadrilateral  figure  G  e  /H  is 
in  all  refpe&s  equal  to  the  quadrilateral  figure  G  E 
F  H.  It  muft  be  {till  farther  remarked,  that  were 
you  even  to  cut  off  from  the  mirror  a  part,  as  C  B, 
and  A  C  was  the  mirror,  the  image  ef  would  not  be 
changed.  And  confequently  when  the  mirror  is  not 
fufficiently  large  to  admit  the  falling  of  the  perpen- 
diculars £  G  and  F  H  upon  it,  we  muft  fuppofe  the 
plans  of  the  mirror  to  be  extended,  as  we  produce 
lines  in  geometry  when  we  want  to  let  fall  perpendi- 
culars upon  them.  What  I  have  faid  refpefts  only 
common  mirrors,  whofe  furface  is  perfectly  plain, 
ponyex  and  concave  mirrors  produce  different  effe&s, 

Itb  Augufiy  1760. 
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Reflection  of  Rays  from  convex  and  concave  Mirrors* 

Burning  Mirrors. 

T7  VERY  thing  relating  to  the  jrefle&ipn  of  rays  is 
*Tr*  reduced,  as  ypu  have  feen,  to  two  things ;  the 
pne  of  which  is  the  place  of  the  image  which  the  re- 
flected rays  reprefent  j  and  the  other  the  relation  of 

2  the 
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the  image  to  the  object.  In  ordinary  or  plain  mir- 
rors, the  image  of  the  bbjeft  is  behind  the  mirror,  at 
a  diftance  equal  to  that  of  the  objed:  before  the  mir- 
ror, and  it  is  equal  and  fimilar  to  the  object.  To 
both  of  thefe  circumftances  we  muft  attend  when 
the  mirror  is  not  plain ;  but  when  it's  furface  is  con- 
vex or  concave ;  for  in  either  cafe  the  image  is,  for 
the  moft  part,  ftrangely  disfigured.  Tou  muft  fre- 
quently have  remarked  that  on  prefenting  any  objeft 
before  a  fpoon  very  highly  polifhed,  you  fee  it's 
image  greatly  disfigured,  whether  refle&ed  from  it's 
interior  furface,  which  is  concave,  or  from  it's  exte* 
rior,  which  is  convex. 

A  globe  of  filver,  finely  polifhed,  reprefents  obje&s 
with  fufficient  accuracy,  but  in  miniature.  If  the 
interior  furface  of  the  globe  is  well  poliflied,  objefts 
appear  upon  it  magnified ;  provided  always  that  they 
are  not  too  diftant.  For  the  fame  objefts  may  like- 
wife  appear  fmaller  and  inverted,  if  they  are  removed 
far  from  the  mirror.  There  is  no  occafion  to  take 
a  whole  globe ;  any  part  of  it's  furface  whatever 
produces  the  fame  effect.  Thefe  mirrors  are  deno- 
minated fpherical ;  and  there  are  two  forts  of  them. 
The  one  is  convex  and  the  other  concave,  according 
as  they  are  taken  on  the  exterior  or  interior  furface 
of  the  fphere.  They,  are  compounded  of  various 
metals,  fufceptible  of  a  fine  polifli ;  whereas  plain 
mirrors  are  made  of  a  plate  of  glafs,  and  covered  on 
one  fide  with  a  preparation  of  mercury,  defigned  to 
ftop  the  paffage  of  the  rays,  and  to  reflect  them.     I 


bedn  with  convex  mirrors. 
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Let  A  C  B  (plate  II.  fig.  2.)  be  a  mirror,  the  feg- 
ment  of  a  fphere,  whofe  centre  is  G.  If  you  place 
before  this  mirror  an  object  E,  at  a  great  diftance, 
it's  image  will  appear  behind  the  mirror,  at  the  point 
D,  the  middle  point  of  the  radius  of  the  fphere  C  G  j 
and  the  magnitude  of  this  image  will  be  to  that  of 
the  objeft,  in  the  relation  of  the  lines  C  D  and  C  E : 
it  will,  therefore,  be  in  this  cafe  much  fmaller  than 
the  objeft,  as  the  line  C  D  is,  in  effect  much  fmaller 
than  the  line  C  E.  If  the  objed  E  approaches  to  the 
mirror,  fo  likewife  will  it's  image.  This  is  all  de- 
monftrable  on  geometrical  principles,  by  fuppofing 
that  any  incident  ray  whatever,  fay  E  M,  is  reflected 
in  the  direction  of  M  N,  fo  that  the  angle  B  M  N  may 
be  equal  to  the  angle  C  M  E.  Thus,  when  the  eye 
is  at  N,  receiving  the  reflected  ray  M  N,  it  will  fee 
the  objed  E,  according  to  that  direction,  and  will 
pbferve  it  in  the  mirror,  at  the  point  D :  or,  in  other 
wojrds,  D  will  be  the  image  of  the  objeft  placed  at  E, 
but  fmaller.  It  is  likewife  eafy  to  fee,  that  the  fmaller 
\  the  Sphere  is,  of  which  the  mirror  is  a  fegment,  the 
more,  likewife,  is  the  image  diminifhed. 

I  proceed  to  concave  mirrors,  the  ufe  of  which  is 
yery  common  on  many  occafions.  Let  A  C  B  (plate 
**•  fi&  3-)  be  a  mirror,  forming  part  of  a  fphere, 
whofe  centre  is  G,  and  G  C  a  radius.  Let  us  fup- 
pofe  an  objeft  E,  very  diftant  from  the  mirror,  it's 
image  will  appear  before  the  mirror  at  D,  the  middle 
point  of  the  radius  C  G :  for  any  ray  of  light  what- 
jever,  E  M,  from  the  objeft  E,  falling  on  the  furface 
pf  the  mirror,  at  the  point  M,  will  be  reflefted 

thence. 
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thence,  in  fuch  a  manner,  as  to  pafs  through  the 
point  D )  and  when  the  eye  is  placed  at  N,  it  will 
fee  the  object  it  D ;  but  this  image  will  be  to  the  ob- 
ject in  the  ratio  of  C  D  to  C  E,  and  confequently 
in  this  cafe  {mailer  than  it.  And  when  you  bring 
the  object  nearer  to  the  mirror,  the  image  retires ; 
the  object  being  placed  even  at  the  centre  G,  the 
image  is  there  likewife.  If  you  bring  the  object  (till 
forward  to  D,  the  image  will  retire  u\finitely  beyond 
E.  But  if  the  object  be  placed  ftill  farther  forward, 
between  C  and  D,  the  image  will  fill  behind  the  mir* 
ror,  and  appear  greater  than  the  objeft. 

When  you  look  at  yourfelf  in  fuch  a  mirror,  at 
fome  point  between  D  and  C,  your  face  will  appear 
frightfully  large.  This  is  explained  by  the  nature  of 
reflection,  in  virtue  of  which  the  angle  of  incidence, 
E  M  A,  is  always  equal  to  the  angle  of  refleftion, 
C  M  N.  To  this  fpecies  muft  be  referred  burning 
mirrors,  and  every  concave  mirror  may  be  employed 
to  burn.  This  remarkable  property  merits  a  mora 
particular  explanation, 

Let  ABC  (plate  TL  fig,  4.)  be  a  concave  mirror, 
whofe  centre  is  G>  and  inftead  of  the  object,  let  the 
fun  be  at  E ;  his  rsfle&ed  rays  will  reprefent  the 
image  of  the  fun  at  D,  the  middle  point  between  C 
and  G.  Now,  the  magnitude  of  this  image  will  be 
determined  by  the  extreme  rays  S  C,  S  C.  This 
image  of  the  fun  will  be,  accordingly,  very  fmall,  and 
as  all  the  rays  of  the  fun  which  f^ll  on  the  mirror 
A  C  B  are  reflected  in  this  image,  they  will  be  col* 
lifted  there,  and  will  have  fo  much  more  force,  as 

the 
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the  image  D  is  finafler  than  the  furface  of  the  mir- 
ror. But  the  rays  of  the  fun  are  endowed  with  the 
property  of  heating  the  bodies  on  which  they  fall,  as 
well  as  that  of  illuminating  them ;  hence  it  follows, 
that  there  muft  be  at  D  a  great  degree  of  heat ;  and 
when  the  mirror  is  fufficiently  large,  this  heat  may 
become  ftronger  than  the  moft  ardent  fire.  In  fe&, 
by  means  of  fuch  a  mirror,  you  may  burn  in  an  in- 
ftant  any  combuftible  body,  and  even  melt  metals  of 
every  kind.  It  is  the  image  of  the  fun  alone  which 
produces  thefe  furprifing  effefts.  This  image  is  ufu- 
ally  denominated  the  focus  of  the  mirror ;  it  fells  al- 
ways in  the  middle  point  .of  the  radius  C  G;  between 
the  mirror  and  it's  centre  G. 

You  muft  carefully  diftinguifh  burning  mirrors 
from  burning  glaffes,  of  which  I  fhall  give  fom'e  ao* . 
count  in  my  next  letter. 

ytb  Jlugufty  1760. 


LETTER    XXXIX. 

Of  Dioptrics. 

HAVING  explained  the  principal  phenomena  of 
catoptrics,  which  refult  from  the  reflection  of 
the  rays  of  light ;  I  proceed  to  treat  of  dioptrics, 
whofe  obje&  is  to  unfold  the  phenomena  of  the  re- 
fraction of  rays,  which  takes  place  when  they  pafs 
through  different  tranfparent  mediums.  A  ray  of 
light  does  not  purfue  the  &rae  ftraight  line  unlefs  it 
*  continues 
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continues  it's  progrefs  through  the  fame  medium. 
As  foon  as  it  enters  another  tranfparent  medium,  it 
changes  it's  direftion  more  or  lefs,  according  as  it 
falls  upon  it  more  or  lefs  obliquely.  There  is  only 
one  cafe  in  which  it  purfues  a  re&ilinear  courfe* 
namely,  when  it  enters  the  other  medium  perpendi* 
cularly. 

The  inftruments  principally  to  be  confidered  in  di* 
optrics  are  the  glaffes  employed  in  the  conftruftion 
of  telefcopes  and  microfcopes.  Thefe  gUffes  are  of  a 
circular  form,  but  with  two  faces.  Every  thing  re* 
lating  to  them  is  reducible  to  the  figure  of  thefe  two 
faces,  which  may  be  plain,  or  convex,  or  concave* 
Their  convexity,  or  concavity,  is  always  equal  to 
that  of  a  fphere,  of  which  the  radius  muft  be.  known, 
it  being  confidered  as  the  meafure  of  the  curve  of 
thofe  furfaces.  This  being  laid  down,  we  fhall  have 
feveral  kinds  of  dioptric  glaffes. 

The  firft  fpecies,  No.  I.  (plate  II.  jig.  5.)  is  that 
whofe  two  faces  are  plain.  By  cutting  a  circular  piece 
out  of  a  plate  of  glafs,  of  equal  thicknefs,  we  fhall 
have  one  of  this  fpecies,  which  makes  no  change  on 
objects  either  as  to  magnitude  or  diftance.  Glafs 
No.  II.  has  one  of  its  furfaces  plain,  and  the  other 
convex;  and  fuch  are  termed  piano-convex.  The 
.  third  fpecies,  No.  HI.  has  one  face  plain,  and  the 
other  concave,  and  thefe  are  called  plano-concave.  The 
fourth,  No.  IV.  has  two  coiivex  furfaces,  and  is  called 
double-convex.  No.  V.  has  two  concave  furfaces,  and 
is  called  double-concave.  The  fpecies  Nos.  VI.  and  VIL 
have  one  furface  convex  and  the  other  concave ;  and 

we 
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we  give  them  the  name  of  menifcus.  -  All  thefe  lenfes 
are  reducible  to  two  defies;  the  one  containing 
thofe  in  which  convexity  prevails,  as  Nos.  II.  IV. 
VI. ;  in  the  other,  concavity  is  predominant,  namely, 
Nos.  III.  V.  VII.  m  The  former  clafs  is  limply  deno^ 
minated  convex,  and  the  latter  concave.  Thefe  two 
claffes  are  diftinguifhed  by  the  following  property.   . 

Let  A  B  {plate  II.  Jig.  6.)  be  a  convex  glafs,  ex- 
pofed  to  a  very  diftant  objeft,  E  F,  whofe  rays  G  A, 
G  C,  G  B,  fall  on  the  glafs,  and,  paffing  through  it, 
undergo  a  refraction,  which  will  take  place  in  fuch  a 
manner,  that  the  rays  proceeding  from  the  point  G 
fhall  meet  on  the  other  fide  of  the  glafs  in  the  point 
g.  The  fame  thing  will  happen  to  the  rays  which 
proceed  from  every  point  of  the  objedt.  By  this 
alteration  all  the  refracted  rays  A  /,  B  m,  C  #,  will 
purfue  the  fame  direction  as  if  thfc  objeft  were  at 
*,  g,  /,  and  inverted ;  and  it  will  appear  as  many 
times  fmaller  as  the  diftance  C  g  fhall  be  contained 
in  the  diftance  C  G.  We  fay,  then,  that  fuch  a  glafs 
reprefents  the  objeft  E  F  behind  it  at  e  /,  and  this 
reprefentation  is  called  the  image ^  which  is  confe- 
quently  inverted,  and  is,  with  the  objedt  itfelf,  in  the 
ratio  of  the  diftances  of  the  glafs  from  the  image, 
and  of  the  glafs  from  the  object. 

It  is  clear,  then,  that  if  the  fun  were  the  objeft,- 
the  image  reprefented  at  e  /would  be  that  of  the 
fun ;  though  very  fmall,  it  will  be  fo  brilliant,  as  to 
dazzle  the  eye,  for  all  the  rays  which  pafs  through 
the  glafs  meet  in  this  image,  and  there  exercife  their 
double  power  of  giving  light  ijid.  heat,    ^he  heat 

there 
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there  is  neaHy  as  many  times  greater,  as  the  fufface 
of  the  glafs  exceeds  in  magnitude  the  image  of  the 
fun,  named  it's  focus,  from  which,  if  the  glafs  be 
very  great,  you  may  produce  the  grcateft  effefts  of 
heat,  Combuftible  fubftances,  placed  in  the  focus  of 
fuch  a  glafs*  are  inftantly  confum$d.  Metals  are 
melted,  and  even  vitrified  by  it ;  and  other  effe&r 
are  produced  far  beyond  the  reach  of  the  moft  aftive 
and  intenfe  fire. 

The  reafon  is  the  fame  as  in  the  cafe  of  burning 
mirrors.  In  both  the  rays  of  the  fun,  diffufed  over 
the  whole  furface  of  the  mirror,  or  glafs,  are  collect- 
ed in  the  ftnall  fpace  of  the  fun's  image.  The  only 
difference  is,  that  in  mirrors  the  rays  are  collected 
by  reflection,  and  in  glaffes  by  refra&on.  Such  is 
the  effect  of  convex  glaffes,  which  are  thicker  ift  the 
huddle  than  at  the  extremities,  and  which  I  have  re- 
prefented  in  Nos.  II.  IV.  and  VI.  Thofe  reprefented 
in  Nos.  III.  V.  and  VTI.  are  thicker  at  the  extremities 
tjian  at  the  middle,  and  being  all  comprehended  under 
the  term  concave,  produce  a  contrary  effeft. 

Let  A  C  B  ( flate  II.  Jig.  7.)  be  a  glafs  of  this  form. 
If  you  expofe  to  it,  at  a  great  diftance,  the  obje& 
EGF,  the  rays  G  A,  G  C,  G  B,  proceeding  from 
the  point  G,  will  undergo  a  refraction,  on  leaving 
the  glafs,  in  the  direction  of  A  /,  C  m,  and  B  72,  as  if 
they  had  iffued  from  the  point  g ;  and  an  eye  placed 
behind  the  glafs,  at  m,  for  example,  will  fee  the  ob- 
ject juft  as  if  it  were  placed  at  e  gf,  and  in  a  fituation 
fimilar  to  that  in  which  it  is  at  the  point  G,  but  as 
many  times  fmaller  as  the  diftance  C  G  exceeds  the 

diftance 
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diftance  G  g.  Convex  glaffes,  then,  reprefent  the 
image  of  a  very  diftant  objeft  behindthem ;  concave 
glaffes  reprefent  it  before  them ;  the  former  repre- 
fent it  inverted,  and  the  latter  in  it's  real  fituation. 
In  both,  the  image  is  as  many  times  fmaller  as  the 
diftance  of  the  objeft  from  the  glafs  exceeds  that  o£ 
the  glafs  from  the  image.  On  this  property  of  glaffes 
is  founded  the  conftru&ion  of  telefcopes,  fpe&acles, 
and  microfcopes. 

•    tub  Augufty  1760. 


LETTER  XL. 

Continuation.     Of  burning  Glaffes  and  their  Focus. 

/CONVEX  glaffes  furnifli  fome  farther  remarks, 
^■^  which  I  beg  leave  to  lay  before  you.  I  fpeak 
here  of  thofe  glaffes  in  general  which  are  thicker  in 
the  middle  than  at  the  extremities ;  whether  botlv 
furfaces  be  convex,  or  one  plane  and  the  other  con- 
vex ;  or,  finally,  one  concave  and  the  other  convex, 
provided,  however,  that  the  convexity  exceed  the 
concavity,  or  that  the  thicknefs  be  greater  at  the 
middle  than  at  the  extremities.  It  is  farther  fup- 
pofed  that  the  glaffes  have  a  fpherical  figure. 

They  have  firft  this  property,  that  being  expofed 
to  the  fun,  they  prefent  behind  them  a  focus,  which 
is  the  image  of  that  luminary,  and  which  is  endow- 
ed, like  it,  with  the  property  of  illuminating  and 
burning;.  The  reafon  is  that  all  the  rays  iffuing  from 
:    Vol.  I.  M  .  the 
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die  fun,  and  falling  on  this  furface,  are  collected  by 
the  refraftion  of  the  glafs  into  a  fingle  point.  The 
feme  thing  happens  whatever  be  the  objeft  expofed 
to  fuch  a  glafs ;  it  always  prefents  the  image  of  it* 
which  you  fee  inftead  of  the  object  itfelf.  The  fol- 
lowing figure  will  tender  what  I  have  faid  more  in- 
telligible. 

Let  A  B  C  D  (plate  II.  Jig.  8.)  be  a  convex  glafs, 
.  before  which  is  placed  an  objeft  E  G  F,  of  which  it 
will  be  fufficient  to  confider  the  three  points  E,  G,  F. 
The.  rays  which,  from  the  point  E,  fall  upon  the  glafs, 
are  contained  in  the  fpace  A  E  B ;  and  are  all  col- 
lected in  the  fpace  A  e  B  by  refraftion,  fo  as  to  meet 
in  the  point  e.  Jn  the  fame  manner  the  rays  from 
the  point  G,  which  fall  on  the  glafs,  and  which  fill 
the  fpace  A  G  B,  are  comprehended,  by  means  of  re- 
fraction,  in  the  fpace  A  g  B,  and  meet  in  the  point 
g.  Finally,  the  rays  from  the  point  F,  which  fall  on 
the  glafs  in  the  angle  AFB,  are  refrafted  fo  as  to 
meet  in  the  point/.  Thus  we  fhall  have  the  image 
e  gf  in  an  inverted  pofition  behind  the  glafs ;  and  ait 
eye  placed  at  O,  behind  the  image,  will  be  affected  in 
the  fame  manner  as  if  the  object  were  at  e  gfy  in- 
verted, and  as  many  times  fmaller  as  the  diftahee  D  g 
is  fmaller  than  the  diftance  C  G< 

In  order  to  determine  the  place  of  the  image  e  gf% 
ive  muft  attend  as  well  to  the  form  of  the  glafs  as  to 
the  diftance  of  the  objeft.  As  to  the  firft,  it  may  be 
remarked,  that  the  more  convex  the  glafs  is,  in  other: 
words,  the  mote  that  the  thicknefe  of  the  middle 
C  D  exceeds  that  of  the  extremities,  the  nearer  the 

imftge 
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imagg  will  be  to  it's  furface.  With  regard  to  the 
diftance,  if  you  bring  the  objeft  E  F  nearer  to  the 
glafs,  it's  image  */ retires  from  it,  and  reciprocally. 
TJie  image  cannot  be  nearer  to  the  glafs  than  when 
the  objeft  is  at  a  very  great  diftance  from  it ;  it  is 
then  at  the  fame  diftance  as  that  of  the  fun  would 
be,  which  is  denominated  the  focus  of  the  lens. 
When  the  objeft,  then,  is  very  diftant,  the  image 
falls  in  the  very  focus,  and  the  nearer  you  bring  the 
obje&  to  the  glafs  the  farther  the  image  retires  from 
it,  and  that  in  conformity  to  a  law  in  dioptrics,  by 
means  of  which  you  can  always  determine  the  place 
of  the  image,  for  every  diftance  of  the  objeft,  pro* 
vided  you  know  the  focus  of  the  glafs,  that  is,  the 
diftance  at  which  it  collefts  the  rays  of  the  fun,  in  a 
fpace  fufficiently  fmall  to  fet  on  fire  a  body  expofed 
to  it. 

The  point  where  the  rays  meet  is,  as  has  been  faid, 
the  place  of  the  image.  Now,  this  point  is  eafily 
found  by  experience.  The  different  denominations 
of  glaffes  are  derived  from  it,  as  when  we  fay,  fuch 
a  glafs  has  it's  focus  at  the  diftance  of  an  inch,  ano- 
ther at  the  diftance  of  a  foot,  another  at  the  diftance 
of  ten  feet,  and  fo  on ;  or,  more  concifely,  a  glafs  of 
an  inch,  a  foot,  or  ten  feet  focus.  Long  telefcopes 
require  glaffes  of  a  very  diftant  focus,  and  it  is  ex* 
tremely  difficult  to  make  them  exad.  I  once  paid 
150  crowns  for  one  lens,  which  I  fent  to  the  academy 
of  Peterfburg ;  it  has  it's  focus  at  the  diftance  of 
600  feet :  I  am  convinced  it  was  of  no  great  value ; 
but  they  would  have  it  on  account  of  it's  rarity. 

'     Ma  To 
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To  be  fatisfied  that  the  reprefentation  of  the  image 
e  g/9  in  the  preceding  figure,  is  real,  you  have  only 
to  hold  at  that  place  a  piece  of  white  paper,  the  par* 
tides  of  which  are  fufceptible  of  the  different  kin^s 
of  vibrations  on  which  colours  depend.  Then  all 
the  rays  from  the  point  E  of  the  objeft,  on  meeting 
at  the  point  e,  will  put  the  particles  of  the  paper  into 
a  movement  of  vibration  fimilar  to  that  which  the 
point  E  has,  and  confequently  you  will  fee  the -point 
*  of  the  fame  colour  as  the  point  E.  In  like  manner 
the  points  g  and  /  will  have  the  fame  colours  as  the 
points  G  and  F  of  the  object  \  and  you  will  likewife 
fee  on  the  paper  all  the  points  of  the  objed  expreffed 
in  their  natural  colours ;  which  will  reprefent  the 
moil  exa&  and  the  moft  beautiful  picture  of  the  ob- 
ject. This  will  fucceed  perfeftly  well  in  a  dark  room 
by  applying  a  convex  lens  to  a  hole  made  in  the  fhut- 
ter.  You  will  then  fee  on  a  flieet  of  white  paper, 
placed  oppofite  to  the  aperture  in  the  flmtter,  all 
the  external  objefts  fo  exadUy  painted,  that  you  may 
trace  them  with  a  pencil.  Painters  make  ufe  of  fuch 
a  machine  for  defigning  landfcapes  and  other  views.* 

lyh  Augujt*  1760. 

*  The  hypothecs  of  light,  contained  in  the  preceding  letters, 
was  firft  propofed  in  the  middle  of  lad  century  by  the  ingenious 
Mr.  Huggens;  but  after  the  brilliant  difcoveries  of  Sir  Ifaac  New- 
ton, it  fell  into  oblivion,  where  it  ought  ever  to  have  remained. 
What  induced  Mr.  Euler  to  revive  it,  it  is  difficult  to,  conceive, 
This  hypothecs  is  not  likely  to  have  many  abettors  in  the  prefent 
age.  As  it  appeals  wholly  to  the  imagination,  it  requires  not 
any  formal  refutation.  I  {hall  mention  a  (ingle  objection,  which 
fecms  to  be  concluiive :  If  ether  were  the  vehicle  of  light,  as  jair 
and  water  are  of  found,  the  ear  would  litewife  be,  in  fome  degree, 
*n  organ  of  vifion. 


OF  VISION,  &C  165 


LETTER  XLfc 

Of  Vifion,  and  the  Structure  of  the  Eye. 

T  AM  now  enabled  to  explain  the  phenomena  of  vi-> 
■■-  vifion,  which  is  undoubtedly  one  of  the  greatefl^ 
operations  of  nature  that  the  human  mind  can  con- 
template.   Though  we  are  very  far  fhort  of  a  perfeft 
knowledge  of  the  fubject,  the  little  we  do  know  of 
it  is  more  than  fufficient  to  convince  us  of  the  power 
and  wifdom  of  the  Creator,     We  difcover  in  the 
flru&ure  of  the  eye  perfe&ions  which  the  moft  ex.. 
alted  genius  could  never  have  imagined, 

I  {hall  not  detain  you  at  prefent  with  an  anatomic 
cal  defcription  of  the  eye.  It  is  fufficient  to  remark, 
that  the  exterior  membrane  a  Kb  (plate  ILJig.  g.)> 
is  tranfparent,  and  is  called  the  cornea  of  the  eye  f. 
behind  this,  on  the  infide,  is  another  membrane  a  m$ 
b  m9  circular  and  coloured,  which  we  call  the  iris,  in> 
the  middle  of  which  is  an  aperture  m  m9  called  the^ 
pupil,  which  appears  to  us  to  be  black.  .We  find  be- 
hind thisr  aperture,  the  cryfialline  humour  b  B  C  a9 
which  is  a  body  fonjewhat  like  in  form  to  a  {mall 
burning  glafe ;  it  it  perfectly  tranfparent,  and  of  # 
membranous  fubftajice,.  Behind;  the  cryftaliine  hui 
mour  the  cavity  of  the  eye  is  filled  with  a  tranfpa- 
rent jelly,  called  the  vitreous  humour.  Hie  anterior 
fpace  between  the  horny  tunicle  a  Ah>  and  the  cryf* 

J\I  3  talliae 
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talline  a  b  contains  a  liquor  fluid  as  water,  which* 
for  that  reafon,  is  called  the  aqueous  humour^ 

Here,  then,  are  four  traniparent  fubftanc'es,  through 
which  the  rays  of  light,  that  enter  into  the  eye,  muft 
pais :  i.  the  horny  tunicle,  or  cornea  ;  2.  the  aqueous 
humour,  between  A  and  B ;    3.  the  cryftalline  b  B 
C  a ;  4.  the  vitreous  humour.   Thefe  four  fubftances 
differ  as  to  denfity ;  and  the  rays  paifing  from  one 
to  another,  undergo  a  particular  refra&ion;    and 
they  are  fo  arranged,  that  the  rays  coming  from  a 
point  of  any  object,  are  fbll  collefted  within  the  eye 
in  a  point,  and  there  prefent  an  image. 
:  The  bottom  of  the  eye  at  EG  F,  or  the  retina^  is 
fumifhed  with  a  whitiih  tiflue,  adapted  to  the  recep- 
tion of  images ;  and  it  is  thus,  you  will  pleafe  to  re- 
coiled, that  the  images  of  objects  may  be  reprefented 
on  a  white  ground.     Conformably  to  the  fame  prin- 
ciple, all  the  objefts,  whofe  rays  enter  into  the  eye, 
arre  found  painted  on  the  retina.    Take  the  eye  of  an 
ox,  and  having  removed  the  exterior  parts  which 
cover  the  retina,  you  will  fee  all  the  objects  painted 
there  fo  exa&ly,  that  no  artift  could  exceed  it,  or 
even  arrive  at  fuch  a  degree  of  perfe&ion.     And  in 
order  to  fee  any  objeft  whatever,  the  objeft  muft  al- 
mays  be  painted  on  the  retina j  and  when,  unfor- 
tunately, any  of  the  pajrts  of  the  eye  are  injured,  or 
lofe  their  tranfparency,  the  perfon  becomes  blind. 
•    But  it  is  not  fbfficient,  in  order  to  our  feeing  ob- 
jects, that  their  images  fhould  be  painted  on  the  re- 
tina \  fome  are  blind,  though  this  takes  place.  Hence 

*  we 
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we  fee  that  images  painted  on  the  retina  are  not, 
after  all,  the  immediate  object  of  vifion,  and  that  the 
perception  of  the  foul  is  communicated  fome  other 
way.  The  retina  is  a  reticulated  contexture  of  nerves 
the  moil  fubtile,  communicating  with  a  great  nerve, 
which,  coming  from  the  brain,  enters  the  eye  at  O, 
and  is  denominated  the  optic  nerve.  Thefe  £maU 
nerve*  of  the  retina  are  agitated  by  the  rays  of  light 
which  form  the  image  at  the  bottom  of  the  eye ;  an4 
this  agitation  is  transmitted  by  the  optic  nerve  to 
the  brain.  It  is  there,  undoubtedly,  that  mental  per* 
ception  is  formed :  but  the  moft  dextrous  anatomift 
is  unable  to  purfue  thefe  nerves  to  their  fource :  the 
union  of  the  foul  with  the  body  muft  for  ever  remain 
a  myftery. 

i$tb  Auguft,  1760. 


LETTER   XLH. 

Continuation*     Wonders  difcoverable  in  the  Structure  of 

the  Eye, 

TT  will  not  be  difagreeable  to  you,  I  hope,  to  con- 
•*•  template  with  me,  -  fomewhat  more  attentively, 
the  wonders  difcoverable  in  the  ftrufture  of  the  eye. 
And  firft  the  pupil  prefents  an  objeft  highly  wor* 
thy  of  admiration.  It  is  that  aperture  which  we  find 
in  the  middle  of  the  iris  or  ftar,  by  which  the  rays 
pafs  into  the  infide  of  the  eye,  and  which  appears 
black.    The  larger  it  is,  the  greater  quantity  of  rays 

M4  an 
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can  enter  into  the  eye,  to  form  on  the  retina  the 
image  which  appears  painted  there ;  thus,  the  more 
the  pupil  is  opened,  the  more  brilliant  this  image 
will  be. 

On  carefully  examining  the  human  eye,  we  ob* 
ferve,  that  the  aperture  of  the  pupil  is  fometimes 
greater. and  fgmetimes  dialler.  It  is  generally  re- 
marked, that  the  pupil  is  contf  a&ed  when  expofed 
to  a  very  ftrpng  light ;  and,  on  the  contrary,  very 
much  dilated  where  the  light  is  faint. ,  This  varia- 
tion is  abfolutely  neceflary  to  the  perfe&ion  of  vifion. 
When  we  are  in  a  very  ftrong  light,  the  rays  being 
more  powerful,  fewer  of  them  are  wanted  to  agitate 
the  nerves  of  the  retina ;  the  pupil,  accordingly,  is 
then  more  contra&ed.  Were  it  more  dilated,  and 
confequently  admitted  more  rays,  their  force  would 
agitate  the  nerves  too  violently,  and  occafion  pain. 
It  is  for  this  reafon  we  are  unable  to  look  upon  the 
fun  without  being  dazzled,  and  without  fenfible  pain 
in  the  bottom  of  the  eye. 

Were  it  poffible  for  us  to  contract  the  pupil  ftill 
more,  fo  as  to  admit  only  a  very  fmall  quantity  of 
rays,  we  fhould  not  be  very  greatly  incommoded  by 
it ,  but  the  contra&ion  of  the  pupil  is  not  in  our 
own  power.  Eagles  poffefs  this  advantage,  and  are 
able  to  look  dire&ly  at  the  fun  j  it  is  accordingly  re- 
marked, that  their  pupil  is  then  fo  much  contra&ed, 
as  to  appear  reduced  to  a  point.  A  clear  light,  re- 
quiring a  very  fmall  dilatation  of  the  pupil,  in  pro- 
portion as  the  light  decreafes,  the  pupil  dilates,  and 
in  the  dark  is  fo  enlarged,  as  almpft  to  occupy  the 

whole 
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whole  of  the  iris.    If  it  remained  in  the  fame  ftate 

■ 

of  contra&ion  as  in  the  light,  the  rays  which  enter 
into  it  would  be  too  weak  to  agitate  the  nerves  as 
much  as  is  neceflary  to  perception ;  the  rays  muft, 
therefore,  be  then  admitted  in  greater  abundance,  in 
order  to  produce  a  fenfible  effect. 

Were  it  in  our  power  to  open  the  pupil  /till  morej 
we  fhould  be  able  to  fee  in  a  greater  degree  of  dark- 
nefe.  To  this  purpofe  we  are  told  of  a  perfon,  who, 
having  received  a  blow  on  his  eye,  the  pupil  was  fo 
dilated  by  it,  that  he  could  read,  and  diftinguifh  the 
minuteft  objefts  in  the  dark.  Cats  and  feveral  other 
animals  which  roam  in  the  dark,  have  the  faculty  of 
enlarging  the  pupil  much  more  than  the  human  fpe- 
cies ;  and  owls  have  theirs  at  all  times  too  much  di- 
lated to  bear  even  a  moderate  degree  of  fight. 

Now,  when  the  pupil  of  the  human  eye  dilates  or 
contrafts,  it  is  not  by  an  aft  of  the  will ;  man  »not 
having  the  power  of  dilating  or  contrafting  the  pu- 
pil at  pleafure.  As  foon  as  he  enters  into  a  lumi- 
nous fituation,  it  fpontaneoufly  contrafts  and  dilates 
on  his  return  to  darknefs.  But  this  change  is  not 
produced  in  an  inftant ;  it  requires  a  little  time  for 
this  organ  to  accommodate  itfelf  to  circumftances.  . 

You  muft,  no  doubt,  have  remarked,  that  as  often 
as  you  make  a  very  fudden  tranfition  from  a  clear 
light  to  a  dark  place,  as  in  the  theatre  of  Schuck,  you 
could  not  at  firft  diftinguifh  the  company.  The  pu- 
pil was  ftill  too  narrow  to  permit  the  few  feeble  rays 
which  it  admitted  to  make  a  fenfible  impreffion ;  but 
it  gradually  dilated  to  receive  a  fufficiency  of  rays. 

The 
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The  contrary  happens,  when  you  pais  fuddenly  from 
darknefs  to  a  dear  light.  The  pupil  being  then  very 
much  expanded,  the  retina  is  ftruck  in  a  lively  man- 
ner, you  are  quite  dazzled,  and  under  the  neceflity 
of  fhutting  your  eyes. 

It  is  then  a  very  remarkable  circumftance  that  the 
pupil  fhould  dilate  and  contract  according  as  vifion 
requires,  and  that  this  change  fliould  take  place  ai- 
xnoft  fpontaneoufly  and  independently  of  any  act  of 
the  wilL  Philofophers  who  examine  the  ftrudure 
and  the  fun&ions  of  the  human  body,  are  greatly 
divided  in  opinion*  as  to  this  fubjeft,  and  there  is 
little  appearance  that  we  fhall  ever  have  a  fatisfying 
Solution  of  this  wonderful  phenomenon.  The  vari- 
ability of  the  pupil  is,  however,  an  objed  effentially 
neceffary  to  vifion ;  and  without  which  it  would  be 
very  imperfeft.  But  various  other  particulars  are 
difcoverable,  equally  entitled  to  admiration. 

i  yh  Augvjt%  1760* 
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1 

Farther  Continuation.  AJloniJhing  Difference  between 
the  Eye  of  an  Animal,  and  the  artifical  Eye,  or  ca- 
mera obfcura. 

JTHHE  principle  on  which  the  ftru&ure  of  the  eye 
-*•    is  founded,  is,  in  general,  the  fame  as  that  ac- 
cording to  which  I  explained  the  reprefentation  of 
obje&s  on  white  paper  by  means  of  a  convex  lens. 

Both 
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Both  of  them  muft  be  refolved  into  this,  that  all  the 
rays,  proceeding  from  one  point  of  the  objeft,  arc 
again  collected  in  a  fingle  point  by  refraction ;  and  it 
feems  of  little  importance  whether  this  refraction  is 
performed  by  a  fingle  lens,  or  by  the  feveral  tranfpa- 
rent  fubftances  of  which  the  eye  is  compofed.  It 
might  even  be  inferred  from  thence,  that  a  ftru&urc 
more  fimple  than  that  of  the  eye,  by  employing 
one  fingle  tranfparent  fubftance,  would  have  been 
productive  of  the  fame  advantages ;  which  would 
amount  to  a  very  powerful  objection  againft  the  wi£ 
dom  of  the  Creator,  who  has  affuredly  purfued  the 
fimpleft  road  in  the  formation  of  all  his  works. 

Perfons  have  not  been  wanting  who,  from  not 
having  attentively  examined  the  advantages  refult. 
ing  from  the  apparent  complication,  prefumed  to 
cenfure  this  beautiful  production  of  die  Supreme 
Being  with  a  levity  worthy  of  cenfure.  They  have 
pretended  it  was  in  their  power  to  produce  a  pkn 
more  fimple  for  the  ftruChire  of  the  eye,  becaufe  they 
were  ignorant  of  all  the  functions  which  that  organ 
had  to  difcharge.  I  {hall  examine  this  plan  of  theirs; 
and  I  hope  to  convince  you,  that  it  would  be  highly 
defective,  and  altogether  unworthy  of  being  put  in 
competition  with  that  which  aCtually  exifts. 

Such  an  eye,  theriefore,  would  be  reduced  to  a 
iimple  convex  lens,  A  B  C  D,  (plate  II.  Jig.  1  o.) 
which  colleds,  in  a  point,  all  the  rays  coming  from 
one  and  the  fame  correfponding  point  in  the  objeCfc. 
But  this  is  only  near  to  the  truth.  The  fpherical 
form,  gpven  to  the  furfaces  of  a  lens,  is  liable  to  this 

inconvenience* 
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inconvenience,  that  it  does  not  completely  colledfc  in 
one  and  the  fame  point  the  rays  which  pais  through 
it's  centre,  and  thofe  which  pafs  through  the  extre- 
mities. There  is  always  a  fmall  difference,  though 
almoft  imperceptible,  in  the  experiments,  by  means 
of  which  we  receive  the  image  on  a  piece  of  white 
paper ;  but  if  this  happened  in  the  eye  itfelf,  it  would 
render  vifion  very  confufed. 

i  The  perfons  to  whom  I  have  been  alluding,  allege, 
that  it  may  be  poffible  to  find  another  figure  for  the 
iurfaces  of  the  lens,  which  fhall  have  the  property  of 
collecting  anew  all  the  rays  iffuing  from  the  point 
O,  in  a  point  R,  whether  they  pafs  through  the 
centre,  or  through  the  extremities.  I  admit  that 
this  may  be  poffible ;  but  fuppofing  the  lens  to  poffefs 
this  property,  with  refped  to  the  point  O,  at  the 
fixed  diftance  C  O,  it  would  not  poffefs  it  at  points 
at  a  greater  or  lefs  diftance  from  the  lens ;  or,  even 
admitting  this  to  be  poffible,  which  it  is  not,  the  lens 
would  moft  certainly  lofe  that  property  with  regard 
to  objects  placed  on. one  fide,  at  T,  for  inftance.  Ac- 
cordingly we  fee  that  when  obje&s  are  reprefented 
on  white  paper,  though  fuch  as  are  directly  before 
the  lens,  fay  at  O,  may  be  fufficiently  well  expreffed* 
thofe  which  are  obliquely  fituated,  as  at  T,  are  al- 
ways much  disfigured,  and  very  confufedly  expreffed : 
and  this  is  a  defeft  which  the  moft  ingenious  artift 
is  incapable  of  rectifying. 

But  there  is  another  and  one  not  lefs  confiderable^ 
In  fpeaking  of  rays  of  different  colours,  I  remarked* 
that  in  palling  from  one  tranfparent  medium  to  anew 

ther, 
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ther,  they  undergo  a  different  refraffion ;  that'  rays 
of  a  red  colour  undergo  the  leaft  refraction,  and  vio- 
let-coloured rays  the  greateft.  Hence,  if  the  point 
O  were  red,  and  if  it's  rays,  in  paffing  through  the 
lens  A  B,  were  colle&ed  at  the  point  R,  this  would 
be  the  place  of  the  red  image.  But  if  the  point  O 
were  violet,  the  rays  would  be  collefted  nearer  to 
the  lens,  at  V.  Again,  as  white  is  an  affemblage  of 
all  the  Ample  colburs,  a  white  objeft,  placed  at  O* 
would  form  feveral  images  at  once,  fituated  at  dif- 
ferent diftances  from  the  point  O;  the  refult  of 
which  would  b.e,  on  the  retina,  a  coloured  fpot  that 
would  greatly  difturb  the  reprefentation. 

It  is  accordingly  obfervable,  that  when  in  a  dark 
room  the  external  objects  are  reprefented  on  white 
paper,  they  appear  bordered  with  the  colours  of  the 
rainbow,  and  it  is  impoffible  to  remedy  this  defect 
by  employing  only  one  tranfparent  body.  But  it  has 
been  remarked,  that  this  may  be  done  by  means  of 
different  tranfparent  fubftances ;  but  neither  theory 
nor  praftice  have  hitherto  been  carried  to  the  degree 
of  perfection  neceffary  to  the  execution  of  a  ftrufture 
which  fliould  remedy  all  thefe  defe&s.*     The  human 

*  A  fimilar  defect  has  been  remarked  in  the  common  telefcope. 
Objects  9I0  not  appear  in  it  very  clearly.  You  fee,  befides,  at  the 
circumference  of  the  field  which  it  encompafTes,  a  mixture  of  co- 
lours, which  is  called  iris*  To  remedy  this  inconveniency,  achro- 
matic telefcopes  have  been  conftru&ed,  whofc  objedfc-glafs,  being 
compofed  of  more  than  one  lens  of  different  denfities,  and  which 
of  confequence  refradt  the  rays  differently,  produce  an  effect  ana- 
logous to  that  of  the  tranfparent  fubftances  of  the  eye,  of  which 
our  Author  has  been  treating.-— f.  E. 
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eye,  however,  labours  under  none  of  the  imperfec- 
tions which  I  have  mentioned,  nor  many  others  to 
which  the  hypothetical  eye  we  have  been  analyzing 
would  be  liable.  What  a  fublime  idea  muft  we  form 
of  Him  who  has  furnifhed  not  only  the  whole  human 
Jpecies,  but  every  animal,  nay  even  the  vileft  infe£b» 
with  an  organ  of  fuch  curious  conftru&ion  I* 

*  The  object  of  the  Tranflator  being  not  only  to  difplay  Eu/er's 
fhilofophy,  but  likewife  to  exhibit  the  man  as  defigned  by  hi* 
own  pencil,  he  takes  the  liberty  of  preferring  the  Engliih  Reader 
with  the  conclufion  of  this  letter,  in  the  Author's  own  manner  and 
words,  transcribed  from  the  original  edition  of  this  work.  Though 
a  French  philofopher  and  ftatefman  may  feel  alhamed  of  the  al- 
liance of  fcience  to  religion,  and  endeavour  to  keep  it  out  of  fight, 
it  would  furely  ill  become  us  to  follow  the  example.  Let  the 
Author  exprefs  his  own  fentiments  in  his  own  way. 
•  "  But  the  eye  which  the  Creator  has  formed  is  fubje&  to  no 
"  one  of  all  the  imperfections  under  which  the  imaginary  con* 
••  ftru&ion  of  the  freethinker  labours.  In  this  we  difcover  the 
•'  true  reafon  why  infinite  wifdom  has  employed  feveral  tranfpa- 
*'  rent  fubftances  in  the  formation  of  the  eye :  it  is  thereby  fo- 
cured  againft  all  the  defects  which  chara&erife  every  work  of 
man*  What  a  noble  fubjedt  of  contemplation !  How  pertinent 
*'  that  queftion  of  the  Pfklmift!  He  who  formed  the  eye9Jkall  he  not 
€tJee?  and  He  who  planted  the  ear,  Jkall  He  not  hear?  The  eye  alone 
"  being  a  mailer-piece  that  far  t  ran  (tends  the  human  underftand<- 
"  ing,  what  an  exalted  idea  mull  we  form  of  Him,  who  has  be- 
"  flowed  this  wonderful  gift,  and  that  in  the  higheil  perfection, 
**  not  on  man  only,  but  on  the  brute  creation,  nay,  on  the  vileft 
"of  infe&s  !"—£.£. 

I9/&    AvgUfty     1760* 
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LETTER  XLIV. 

Perfections  dif cover  able  in  the  StruQure  of  the  Eye. 

THE  eye,  then,  infinitely  furpaffes  every  piece  of 
mechanifm  which  human  ikill  is  capable  of  pro- 
ducing. The  different  tranfparent  fubftances  of  which 
it  is  compofed,  have  not  only  a  degree  of  denfity  ca- 
pable of  cauiing  different  refra&ions,  but  their  figure 
is  likewife  determined  in  fuch  a  manner  that  all  the 
rays  proceeding  from  one  point  of  the  objed  are  ex- 
idly  colleded  in  one  and  the  lame  point,  whether 
that  object  be  more  or  Ids  diftant,  whether  it  be  fitu- 
ated  direftly  or  obliquely  with  refpeft  to  the  eye,  and 
though  it's  rays  undergo  different  refra&ions. 

Were  the  leaft  change  to  be  made  in  the  nature 
and  figure  of  thefe  fubftances,  the  eye  would  lofe 
all  the  advantages  which  we  haVe  been  admiring* 
The  ftrength  of  our  fight  is  exaftly  proportioned  to 
the  extent  of  our  neceffities ;  and  far  from  complain- 
ing that  objeds  too  remote  efcape  this  organ,  we 
ought,  on  the  contrary,  to  confider  it  as  one  of  the 
moft  precious  gifts  of  the  Supreme  Being.* 

It 

*  Mr.  Euler*s  idea  is  ingenious,  that  the  three  pellucid  fub- 
ftances of  which  the  eye  is  compofed  ferve  to  correct  the  unequal 
refrangibility  of  the  rays  of  light,  and  produce  a  perfect  picture  on 
the  retina.  Unfortunately  this  perfection  is  merely  ideal,  nor  is 
the  eye  an  achromatic  inilrument.  A  very  fimple  experiment  will 
evince  the  truth  of  this  remark.  Make  two  parallel  black  flrokes 
adjacent  to  each  other,  on  a  bit  of  paper;  (hut  the  one  eye,  and 
*:  "'"■■■  hold 
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It  muft  be  farther  remarked,  that  in  order  to  fee 
obje&s  diftincfcly,  it  is  not  fufficient  that  the  rays 
which  come  froiri  dne  point  fliould  be  colle&ed  in 
another.  It  is  likewife  neceflary,  that  the  point  of 
re-unibn  fliould  fall  precifely  on  the  retina }  if  it  fell 
ieither  fliort  of,  or  beyond  it,  vifion  would  become 
confufed.  Now,  if  for  a  certain  diftance  of  obje&s, 
this  point  of  union  fall  upon  the  retina,  thofe  of 
more  diftant  objefts  would  fall  in  the  eye  fihort  of 
the  retina ;  and  thofe  of  nearer  obje&s  would  fall 
beyond  the  eye.  In  either  cafe  there  would  be  a 
confufion  in  the  image  painted  on  the  retina. 

The  eyes  of  every  man,  therefore,  are  conftru&ed 
for  a  certain  diftance.  Some  perfons  fee  diftindUy 
only  fuch  objefe  as  are  very  near  to  their  eyes ;  we 
call  them  Myops,  that  is,  fliort-fighted.  Others,  on 
the  contrary,  named  Prefbytes,  fee  diftinftly  obje&s 
-only  which  are  very  diftant.  And  thofe  who  fee 
dHtin&ly  objefts  at,  a  moderate  diftance,  are  faid  to 
have  good  eyes.  Both  the  other  two,  however,  have 
the  power  of  contracting  or  dilating  the  globe  of  the 
eye  to  a  certain  degree,  and  thereby  of  bringing 

hold  the  paper  about  half  a  foot  from  the  other,  in  a  ftrong  light, 
and  bring  it  gradually  nearer ;  at  a  certain  diftance  the  flrokes  will 
appear  fringed  with  rainbow-colours.  The  Roman  characters 
III  or  II1I,  on  the  dial-plate  of  a  watch,  will  anfwer  ftill  better. 
But  though  the  eye  is  not  conftructed  with  mathematical  accuracy, 
that  organ  is  adapted,  with  fufficient  nicety,  for  all  the  ordinary 
purpoles  of  life.  They  miftakc  extremely  the  views  of  nature, 
who  look  for  perfection  in  her  works :  fhe  is,  in  general,  fparing 
in  her  favours,  and  referves  exquifite  {kill  for  extraordinary  occa- 
iions. — E.  E. 

nearer 
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fcearer,  or  of  removing*  the  retina*  ifrhich  enabled 
them,  likewife,  to  fee  cl«iarly,  bbje&s  a  little  more  ot 
lefs  diftant ;  this,  undoubtedly,  greatly  contributes 
to  render  the  eye  more  perfect,  ind  it  cannot  furely 
be  afcribed  to  chance  merely. 
,  Thofe  who  have  good  eyes,  derivd  mofl  advan- 
tage from  their  ftru&ure,  as  they  are  thus  in  a  con* 
dition  to  fee  diftindtiy,  obje&s  very  diftant,  and  very 
near ;  but  this  never  exceeds  a  certain  bound*  There 
is,  perhaps,  no  one  who  caii  fee  at  the  diftance  of  an 
ihchj  and,  cohfequentfyv  ftill  lefs  at  a  fmaller  diftance; 
If  you  hold  a  writing  dofe  to  your  qyes,  you  'Will 
fee  the  characters  but  very  confufedly*    This  is  all 

• 

I  prefume  to  offer,  on  a  fubjeft  of  fuch  high  im* 
portance.  •/'.'.* 

zijl  Aug.  17664 
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OfCtoviiy,  confidered  as  a  general  Property  of  Body. 

•  •  . 

Y  TAVING  now  treated  of  light,  I  proceed  to  the 
•^  ■*■  confideration  of  a  property  common  to  all 
bodies,  that  of  gravity.  We  find  that  all  bodies* 
folid  and  fluid,  fall  downward,  when  they  are  not 
fupported.  I  hold  a  ftone  in  my  hand ;  if  I  let  it  gd* 
it  falls  to  the  ground,  and  would  fall  ftill  farther, 
were  there  an  aperture  in  the  earth*  While  1  write, 
my  paper  would  fall;  to  the  ground,  were  |t  Hot  fup* 
P$r|$d  by  the  table*  The  fame  law  applies  to  every 
<.$#*•  I*  ff  body 
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body  vi|h  which  we  are*  acquainted  There  is  not 
$ge  ttert  would  not  fall  to  the  ground,  if  it  were  not 
Supported,  or  flopped  by  the  way. 
v  The  caufe  of  this  phenomenon*  or  of  this  pro* 
penfity  of  all  bodies,  is  denominated  gravity.  When 
it  is  faid,  that  bodies  are  heavy,  or  pofiefs  gravity, 
we  mean,  that  they  have  a  propenfity  to  fall  dawn* 
waftd*.  and  actually  would  fall,  if  we  remove  what 
befflte  fupported  them. 

r  Th§  ancients  were  little  acquainted  with  this  pro* 
perty^i  They  believed  that  there  were  bodies  which 
had,  naturally,  a  tendency  to  rife,  fuch  as  fmoke  and 
Vapours ;  and  fuch  bodies  they  termed  light,  ta  dif- 
tinguifh  them  from  tho£e  which  have  a  tendency  ta 
fall.  But  it  has  been  difcovered,  by  experiment,  that 
it  is  the  air  which  raifes  thefe  fubftances  aloft ;  for 
in  a  fpace  void  of  air,  it  is  well  known,  by  means 
of  the  air-pump,  that  fmoke  and  vapours  defcend  as 
well  as  ftone,  and  that  thefe  fubftances  are,  of  their 
own  nature,  heavy,  like  others.  When,  therefore, 
tfyey.  rife  into,  the  air,  the  fame  l«*w  a&supon  them 
wliich  acts  upon  a  log  of  wood  plunged  into  the 
water*  Notwtehfianding  it's  gravity,  it  fprings  up, 
as  foon  as  you  leaye  it  to  itfetf,  and  fwims,  becaufe 
it  is  not  fo  heavy  as  water  j  and,  in  virtue  of  a  ge- 
neral rule,  all  bodies  rife  in  a  fluid  of  more  gravity 
th^n  themfelves. 

<  if  you  throw  a  piece  of  iron,  of  copper,  of  Sver* 
^nd  even  of  lead,  into  a  veflfel  full  of  quicksilver, 
t&ey  jfaim  on  the  forf&e,  and  if  you  force  them 
ifewa,  thsy  r^fcead  when  left  to-  themfehro.   G6id 
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alone  finks,  becaufe  k  is  heavier  than  qtiickfilven 
And,  fince  ther£  are  bodies  which  rife  in  water,  and 
in  other  fluids,  notwitMandiftg  tfaeir  gravity,  for 
this  reafon  merely,  that  they  are  not  fo  heavy  as 
water,  or  thofe  other  fluids  y  it  is  not  at  all  furpriz- 
ing,  that  certaiii  bodtes,  lefs  weighty  thati  air,  fuch 
as  fmoke  and  vapours,  fhould  rife  m  it. 

I  have  already  remarked,  that  air  itfelf  poflefies 
gravity,  and  t&at  by  means  of  this  gravity,  it  fup* 
ports  the  mercury  in  the  barometer.  When,  there- 
fore, it  is  affirmed,,  that  all  bodies  are  heavy,  it  is  to 
be  understood,  that  ail  bodies,  without  a  fingle  ex- 
ception,  would  fall  downward  in  a  vacuum*  I  might 
venture  to  add,  that  they  would  fall  with  an-  equal 
degree  of  rapidity ;  for  a;  feather  and  a  piece  of  gold 
defcendwkh  equal  velocity  in  an  exhau&ed  receiver. 

It  might  be  obje&ed  to  this  general  property  of 
body,  that  a  fhell,  difcharged  from  a  mortar,  does* 
not  at  once  fell  to  the  ground,  like  a  ftone,  which  I 
let  drop  from  my  hand,  but  mounts  into'  the  air. 
It  cannot,  however,  be  inferred,  that  the  fhell  has 
no  gravity ;  for  it  is  evident,  that  the  ftrength  of 
the  powder  hurls  the  bomb  aloft,  and  but  for  thi$r 
it  would>  without  doubt,  immediately  fell  to  the 
ground.  And  we  fee,  in  fa&,  that  it  do£s  not  con- 
tinue always  to  afcend,  but  as  foon  as  the  force, 
which  carries  it  Upward,  is  exhaufted,  down  it  comes, 
with  a  rapidity,  that  crufhes  every  thing  it  meets,  2} 
fufficient  proof  of  it's  gravity. 

When,  therefore,  it  is  affirmed,  that  all*  bodies  are 
heavy,  ih*  one  means  to  deny  tftat  they,  may  be 
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flopped,  6r  that  they  may  be  thrown  aloft ;  but  thU 
is  effe&ed  by  an  external  power,  and  it  remains  in- 
dubitably certain,  that  all  bodies  whatever,  as  foon 
as  left  to  themfelves,  at  reft,  or  without  motion,  will 
affiiredly  fall  when  no  longer  fupported.  There  is  a 
cellar  under  my  apartment,  but  the  floor  fupports 
me,  and  preferves  me  from  falling  into  it.  Were 
the  floor  fuddenly  to  crumble  away,  and  the  arch  of 
the  cellar  to  tumble  in  at  the  fame  time,  I  muft  in- 
fallibly be  precipitated  into  it,  becaufe  my  body  is 
heavy,  like  all  other  bodies  with  which  we  are  ac- 
quainted, I  iay,  with  which  we  are  acquainted,  for 
there  may,  perhaps,  be  bodies  deftitute  of  weight ; 
fuch  as,  poflibly,  light  itfelf,  the  elementary  fire,  the 
electric  fluid,  or  that  of  the  magnet.* 

Except  thefe  bodies,  the  gravity  of  which  is, not 

*  I  mud  once  more  take  the  pious  Eukr  out  of  the  hands  of 
the  quondam  Marquis,  and  let  him  fpeak  for  Jiimfelf.  The  in- 
ftance  which  the  Author  adduces,  of  bodies  that,  poffibly,  are  de- 
ftitute of  gravity,  is  one  taken  from  divine  Revelation,  that  of  the 
angels.  "■  Such,"  fays  he,  "  as  the  bodies  of  angels,  which  have 
"  formerly  appeared  to  men.  A  body,  like  this,  would  not  fall 
41  downward,  though  the  floor  were  fuddenly  to  be' removed  from 
**  under  it,  but  would  move  as  firmly  through  the  air,  as  on  the 
"  earth.'  *  It  is  amufing  to  obfervej  with  what  folicitude  the  Pa- 
rifian  Arinotator  keeps  clear  of  every  thing  that  favours  of  religion. 
He  feemB  apprehenfive,  that  a  fingle  drop  of  water  from  Scripture, 
would  contaminate  the  whole  mafs  of  philofophy.  His  terror  is, 
with  a  little  variation,  that  of  Macbeth. 

Will  all  great  Neptune's  ocean  warn  this  blood 
Clean  from  my  hand  ?  *No ;  this  my  hand  will  rather 
The  multitudinous  teas  incarnadine, 
Making  the  green  epic  red, .    i;  Sha£es,p*;aiu 
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yet  confirmed  by  experiment,  gravity  may  be  confi- 
dered  as  a  general  property  of  all  the  bodies  which 
we  know,  in  virtue  of  which,  they  all  have  a  ten- 
dency to  fall  downward,  and  aftually  do  fo,  when 
nothing  oppofes  their  defcent. 
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Continuation.     Offpecific  Gravity. 

YOU  have  juft  feen,  that  gravity  is  a  general  pro- 
perty of  all  the  bodies  with  which  we  are  ac- 
quainted, and  that  it  confifts  in  the  effe&  of  an  in- 
vincible force,  which  preffes  them  downward. 

Philofophers  have  warmly  difputed,  whether  there 
aftually  exift^a  power,  which  afts  in  an  invifible 
manner  upon  bodies ;  or  whether  it  be  an  internal 
quality,  inherent  in  the  very  nature  of  the  bodies, 
apd,  like  a  natural  inftinft,  conftraining  them  to  de- 
fcend.  The  queftion  amounts  to  this :  If  the  caufe 
of  gravity  is  to  be  found  in  the  very  nature  of  every 
body ;  or  if  it  exifts  without  it,  fo  that  were  this 
extrinfic  power  to  fail  in  it's  operation,  the  body 
would  ceafe  to  be  heavy  ?  Before  we  attempt  a  foku 
tion  of  this,  it  will  be  neceffary  to  examine,  more 
carefully,  all  the  circumftances  connected  with  gnu- 
vity. 

I  remark,  firft,  that  when  you  fupport  a  body  to 
prevent  it's  falling,  if  it  refts  on  a  table,  it's  preffurc 
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13  equal  to  the  force  with  which  it  would  lend  tp 
Istfl ;  and  if  a  thread  is  affixed  to  it,  by  which  it 
may  he  fufpended,  the  thread  is  firetched  by  that 
force ;  in  other  words,  by  the  gravity  of  that  body  \ 
fo  that  if  the  thread  were  not  of  a  certain  ftrength, 
it  would  break.  We  fee,  then,  that  all  bodies  e&er- 
cife  a  degree  of  force  on  the  obftacles  which  fup- 
port  them,  and  prevent  their  falling,  and  that  this 
aftion  is  precifely  the  fame  as  that  which  would 
make  the  body  defcend,  if  it  were  at  liberty.  When 
a  ftone  is  laid  upon  a  table,  the  table  is  prefTed  by  it. 
You  have  but  to  put  your  hand  between  the  ftone 
and  the  table,  to  be  fenfibk  of  this  force,  which  may 
be  iaereafed  to  fuch  a  degree  as  even  to  crufh  the 
hand.  This  force  is  called  the  gravity  of  the  body  \ 
and  it  is  dear,  that  the  weight,  or  the  gravity,  of 
every  body,  fignifies  the  fame  thing,  both  denoting, 
the  force  with  which  that  body  is  preffed  down* 
Ward,  whether  this  force  exifts  in  the  body  Hfelf,  or 
put  of  it. 

We  have  an  idea  too  clear  of  the  weight  of  bodies, 
to  make  it  neceflary  to  dwell  longer  on  the  fubjed, 
I  only  remark,  that  when  two  bodies  are  joined  to- 
gether, their  weight  too  is  added,  fo  that  the  weight 
of  the  compound  is  equal  to  the  flim  of  the  weight 
of  the  parts.  From  this  we  fee,  that  the  weight  of 
bodies  may  be  very  different.  We  have  alfb  the  cer* 
tain  means  of  exa&ly  meafuring  and  comparing 
them,  by  the  help  of  a  balance,  which  has  the  pro* 
perty  of  refting  in  equilibrium,  when  the  bodies, 
pit  in  it's  two  feiks,  ju?e  of  equal  gravity.    In  order 

to 
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to  make  this  companion,  we  agree  on  forae  £*&# 
meafurement,  of  a  certain  determinate  weighty  fuch 
as  a  pound,  and,  by  means  o£  i  good  balance,-  aU 
bodies  may  be  weighed,  and  their,  gravity  afcetr 
tained,  according  to  the  number  of  poihtds  tvhich 
they  contain.  A  body  too  great  to  be.  put  into  the 
fcale  of  a  balance  may  be  divided,  and  the  parts  be- 
ing weighed  ieparately,  you  have  only  to  add  tfep 
particulars.  The  weight  of  a  whole  hoiife,  however 
large,  may  be  thus  afcertained.    .  ; 

You  muft,  ho  doubt,  have  frequently  remarked, 
•that  a  fitiafl  piece  of  gold  weighs  as  much  as  a  piece 
of  wood  greatly  fuperior  in  fize ;  a  proof  that  the 
gravity  of  bodies  is  Hot  always  regulated  by  their 
magnitude;  a  very  finall  body  may  be  of  great 
weight,  while  a  very  large  one  may  be  light.  Evefy 
body ,  then,  is  fufceptible  of  two  mcafurements,  en- 
tirely different  from  each  other*  The  one  detetf- 
ihiftes  it's  magnitude  or  extent,  called  likewife  it's 
fize ;  this  meaforeitient  belongs  to  the  province  of 
geometry,  which  teaches  the  method  of  measuring 
the  magnitude  or  extent  Cf  bodies.  The  other  mode 
of  meafurement,  by  whfch  their  weight  is  deter- 
mined, is  totally  differed  and  ferves  to  dtftinguifh 
the  nature  of  the  different  fubftances  of  which  bo- 
dies  are  formed. 

You  can  eafily  conceive  feveral  maffes  of  different 
fubftances,  all  of  the  feme  magnitude,  or  extent ; 
each,  for  example,  of  a  cubic  figure,  whofe  length, 
breadth,  and  height,  fhall  be  a  foot.  Such  a  mafs, 
if  it  be  of  gold,  would  weigh  1330  pounds  j  if  of 
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filver,  770  pounds ;  if  of  iron,  500  pounds ;  and  if 
4>f  water,  only  70  pounds ;  were  it  of  air,  it  would 
weigh  no  more  than  the  twelfth,  part  of  a  pound. 
From  this  yqu  fee,  that  the  different  fubftances  of 
which  bodies  are  compofed,  vary  confiderably  in  re- 
fped  of  gravity. 

To  exprefs  this  difference,  we  employ  certain 
terms,  which  might  appear  equivocal,  if  they  were 
not  perfe&ly  underftood.  Thus,  when  it  is  fai4, 
that  gold  is  heavier  than  filver,  it  is  not  tQ  be  under- 
flood,  that  a  pound  of  gold  is  heavier  than  a  pound 
of  filver ;  for  a  pound,  of  whatever  fubftance,  is  al- 
ways a  pound,  and  has  always  precifely  the  fame 
weight ;  but  the  meaning  is,  that  having  two  maflfes 
of  the  fame  fize,  the  one  gold  and  the  other  filver, 
the  weight  of  the  mafs  of  gold  will  exceed  that  of 
the  filver.  And  when  it  is  faid,  that  gold  is  1 9  times 
heavier  than  water,  we  mean,  that  having  two  equal 
.  inafles,  the  one  of  gold,  the  other  of  water,  that 
which  is  of  gold  will  have  1.9  times  the  weight  of 
that  which  is  of  water.  When  we  thus  exprefs  our- 
selves, sta  fay  nothing  of  the  abfblute  weight  qf 
bodies,  we  only  fpeak  by  way  of  comparifon,  and 
with  a  reference  always  {p  maffes  of  an  equal  fize. 
Neither  is  it  of  importance,  whether  the  fize  b&  great 
pr  fmall,  provided  they  be  equal.  > 
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t    • 

'  Terms  relative  tQ  Gravity,  and  their  true  Impart* 

• 

GRAVITY,  or  weight,  Teems  fo  effential  to  the 
nature  of  bodies,  that  it  is  almoft  impoffible  to 
form  the  idea  of  a  body  divefted  of  this  quality. 
And  it's  influence  is  fo  univerfal,  in  all  our  opera*, 
tions  upon  body,  that  we  muft,  in  every  inftance, 
pay  attention  to  it's  gravity,  or  weight.  As  to  our 
•own  perfons,  whether  we  Hand,  fit,  or  lie,  we  con?- 
tkmally  feel  the  effect  of  the  gravity  of  our  own 
body :  we  could  never  fell,  if  the  body  were  not,  as 
well  as  all  it's  parts,  endowed  with  this  force;  Lai*- 
£uage  itfelf  is  regulated  according  to  this  property 
of  bodies.  The  place  toward  which  a  body  tends  in 
it's  defcent,  we  term  low ;  and  the  opppfite  direction 
from  the  body,  we  term  high* 

It  muft  be  remarked,  that  when  a  body,  in  fallings 
is  at  perfect  liberty,  it  always  defcends  in  a  ftraight: 
line,  purfuing  \vhich,  it's  direftion  is  faid  to  be 
downward.  This  line  is  likeyvife  called  vertical^  by 
which  term  we  always  mean  a  ftraight  line,  drawn 
from  high  to  low  ;  and  if  we  conceive  this  line  pro- 
duced upward,  till  it  reaches  heaven,  we  call  that 
point  in  the  heayens  our  zenith,  an  Arabian  word, 
denoting  that  point  in  the  heayens  which  is  direftly 
over  our  head.  You  comprehend,  then,  that  a  ver* 
tical  line,  is  that  ftraight  line  in  which  a  body  falls, 
when  no  longer  fupported,  When  you  affix  a  thread 


l86  TERMS  RELATIVE  TO  GRAVITY, 

to  any  body,  holding  it  faft  at  the  other  end,  that 
thread  will  be  ftretched  out  into  a  ftraight  line,  and 
that  line  will  be  vertical.  Mafons  employ  a  fmall 
cord,  with  a  leaden  ball  at  one  end,  which  they  call 
a  plummet l,  to  dire&  the  perpendicularity  of  the  walls 
which  they  raife  ;  for  thefe,  to  be  folid,  muft  be  ver- 
tical. 

Afl  the  floors  of  a  houfe  ought  to  be  fo  level, 
that  the  vertical  line  {hall  be  perpendicular  to  them  ; 
the  floor,  in  that  cafe,  is  faid  to  he  horizontal ;  and 
you  will  pleafe  to  remember,  that  a  horizontal  plane 
is  always  that  to  which  the  vertical  line  is  perpendi- 
cular. When  you  are  in  a  perfeft  plane,  bounded 
by  no  mountain,  it's  extremities  are  termed  the  bo- 
rizcn,  a  Greek  word,  which  fignifies  the  boundary  of 
"fight ;  and  this  plane  then  reprefents  a  horizontal 
plane,  juft  as  the  furface  of  a  lake. 
*'  We  make  ufe  of  ftill  another  term  to  exprefs  what 
is  horizontal.  We  fay  that  fuch  a  furface  or  line  is 
level.  We  Bkewife  fay,  that  two  points  are  on  the 
level,when  a  ftraight  line,  paffing  through  thefe  two 
points,  is  horizontal,  fo  that  the  vertical,  or  plumb 
line,  fhall  be  perpendicular  to  it.  But  two  points 
are  not  on  the  level,  when  the  ftraight  line,  drawn 
through  thefe  points,  is  not  horizontal ;  for  then  onfc 
of  them  is  more  elevated  than  the  other. 

This  is  the  cafe  with  rivers ;  their  furface  has  & 
declivity ;  for  were  it  horizontal,  the  river  would  be 
ftagnant,  and  run  down  no  longer,  whereas  aH  rivers 
jure  continually  flowing  toward  places  lefs  elevated. 
There  are  inftrumentsi  by  means  of  which  we  can 
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•ascertain,  whether  two  points  are  on  the  feme  levd* 
or  which  is  the  higher,  and  by  hew  much.  This 
inftrument  is  called  a  levels  and  the  application  of  it 
is  called  the  art  of  levelling. 

*  Were  you  to  draw  a  ftraight  line  from  any  point, 
<in  your  apartment  at  Berlin,  to  a  given  point  in  your 
apartment  at  Magdeburg,  you  might,  by  means  of 
fuch  an  inftrument,  afcertain,  whether  this  line  were 
horizontal,  or  whether  one  of  thefe  points  were  more 
or  leis  elevated  than  the  other.  I  believe  the  point 
at  Berlin  would  be  more  elevated  than  that  at  Magde- 
burg :  and  I  found  this  opinion  on  the  courfe  of  the 
rivers  Spree,  Havel,  and  Elbe.  As  the  Spree  runs 
into  the  Havel,  it  muft,  of  courfe,  be  higher ;  and, 
foj  the  fame  reafon,  the  Elbe  muft  be  lower  than  the 
Havel :  Berlin,  therefore,  ftands  higher  than  Magde- 
burg,  provided  you  compare  two  points  at  an  equal 
degree  of  elevation  from  the  ground  j  for  were  a 
ftraight  line  to  be  drawn  from  the  ftreet  pavement 
at  Berlin  to  the  pinnacle  over  the  dome  at  Magde- 
burg, that  lifte  would  perhaps  be  horizontal. 

Hence  you  fee  how  ufeful  the  art  of  taking  levels 
is,  when  the  conducting  of  water  is  concerned.  For 
as  water  can  run  only  from  a  more  to  a  lefe  elevated 
fituation,  before  digging  a  canal,  you  muft  be  well 
affured,  that  one  of  the  extremities  is  more  elevated 
Jthan  the  other,  and  this  is  difcovered  by  taking  the 
level. 

In  building  a  city,  the  ftreets  fhould  be  fo  difpofed , 
as  that,  by  means  of  a  declivity  on  one  fide,  the 
water  may  run  off.    It  i?  ottarwife  in  ti^e  conftruo 

.  tioa 
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tion  of  hbufes,  the  floors  of  which  fliould  be  perfect- 
ly horizontal,  and  without  the  fmalleft  declivity,  be- 
caufe  there  is  no  water  to  be  difcharged,  except  in 
the  floors  of  ftables,  which  are  conftru£bed  with  a 
gentle  declivity.  Aftronomers  take  great  pains  to 
have  the  floors  of  their  obfervatories  perfeftly  level, 
to  correfpond  with  the  real  horizon  in  the  heavens. 
The  vertical  line,  produced  upward,  marks  the  ze- 
nith. 

%'jtb  Augujly  1 760. 
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LETTER   XLVUI. 

Reply  to  certain  Objections  to  the  Earth's  fpherical 
Figure^  derived  from  Gravity* 

*VTOU  know  well  that  the  figure  of  the  earth  is 
■*-  nearly  that  of  a  globe.  It  has,  indeed,  been 
demonftrated,  that  it's  form  is  not  perfectly  fpheri- 
cal, but  fomevvhat  flattened  toward  the  poles.  The 
difference,  however,  is  £0  trifling,  that  it  does  not  at 
all  affeft  the  objeft  I  have  in  view,  Neither  does  the 
difference  of  mountain  and  valley  excite  any  folid 
objection  to  it's  globular  figure ;  for  it's  diameter 
being  1720  German  miles,*  whereas  the  higheft 
mountains  being  fcarcely  half  a  milef  in  height,  fink 
into  nothing,  compared  to  this  prodigious  mafs. 
The  ancients  had  a  very  imperfeft  notion  of  the 

•  7900  miles  Englifh. 

f  About  12,009  feet,  or  ft  3  miles  Englifli. 

real 
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real  figure  of  the  earth.  It  was  in  general  confider^ 
ed  as  a  huge  maffy  fubftance  A  B  C  D  (plate  II.  Jig. 
11.)  flattened  above  as  A  B,  and  covered  partly  with 
earth,  partly  with  water.  According  to  their  idea, 
the  furface  A  B  alone  was  habitable ;  and  it  was  im- 
poffible  to  go  beyond  the  points  A  and  B,  which 
they  confidered  as  the  extremities  of  the  world. 
When,  in  the  progrefs  of  difcovery,  it  was  found 
that  the  earth  was  nearly  fpherical,  and  univerfally 
habitable,  fo  that  there  were  upon  the  globe  fpots 
diametrically  oppofite  to  us,  the  inhabitants  of  which 
are  therefore  called  our  antipodes,  becaufe  their  feet 
are  turned  directly  toward  ours ;  this  opinion  met 
with  fuch  violent  contradi&ion,  that  certain  fathers 
of  the  church  reprefented  it  as  a  dreadful  herefy,  and 
thundered  out  anathemas  againft  all  who  believed  in 
the  exiftence  of  the  antipodes.  A  man,  however, 
would  now  pafs  for  an  idiot,  who  would  call  it  in 
queftion  ;  efpecially  fince  the  opinion  has  been  con-, 
firmed  by  the  experience  of  navigators,  who  have 
aftually  more  than  once  failed  round  the  globe.  But 
another  difficulty  here  prefents  itfelf,  the  folution  of 
which  muft  affift  us  in  difcovering  the  real  direction 
of  gravity. 

If  the  circle  A  B  (plate  II.  Jig.  1 2.)  fay  they,  re- 
prefents  the  earth,  and  we  are  at  A,  our  antipodes 
will  be  diametrically  oppofite,  at  B.  As  we,  then, 
have  the  head  upward,  and  the  feet  downward,  our 
antipodes  muft  have  the  feet  upward  and  the  head 
downward,  fuppofing  thefe  words  to  indicate  the 
fame  direfitjon  as  when  we  pronounce  the  fame 
<  i  r  words 


1§&         ftJEPLY  TO  CERTAIN  OBJECTIONS,  &£♦ 

words  at  the  place  where  we  are.  For  navigator* 
who  have  made  the  circuit  of  the  gfe>bey  obferve*; 
that  their  head  and  feet  had  throughout  maintained 
the  feme  pofition  relatively  tottefurfece  of  theter^ 
reftrial  globe. 

Some  perfbns  whom  this  phenomenon  embarra£ 
fedy  formerly  thought  o£  explaining  it,  by  the  com** 
p&rifon  of  a  globe,  over  the  furfe.ee  of  which  yovf 
fee  flies,  and  other  infers  crawl  on  the  under  as  we&/ 
as  the  upper  part.  But  they  did  dot  conlider  tiKat 
the  infects  on  the  dependent  furface  adhere  to  it  by 
their  claws,  and,  without  this  ailiftance,  would  pre- 
sently fall  off-  The  antipode,  tihen,  muffc  have  hiss 
ihoes  furnifhed  with  hooks  to  hold  him  faft  to  tfier 
furface  of  the  earth :  but  thought  he  has  none,  htf> 
fells  not  any  more  than  we  do*  Befides,  a*  we  ima- 
gine ourfelves  to  be  on  the  uppermoft  furface  of  tter 
earth,  the  antipode  has  the  fame  idea  of  his  fituationy 
and  confiders  us  as  undermoft. 

But  the  whole  phenomena  are  eafily  accounted 
for,  on  the  hypothefis  which  experience  has  demon* 
ftrated,  that  the  direction  of  gravity  is  fenfibly  per- 
pendicular to  the  furface  of  the  earth,  at  every  point 
of  that  furface ;  that  it  varies  at  thefe  different  points  ; 
and  that  at  thofe  which  are  antipodes  to  each  other, 
it  muft  be  exactly  oppofite.  The  terms  upward  and- 
Howmvardj  therefore,  do  not  exprefs  an  invariable 
direction,  but  the  direction  of  gravity,  wherever  it 
is.  Our  antipodes  have-  their  heads  downward  only 
with  relation  to  us,  Mt  not  witit  relation  tothemv 
felves ;  they,  as  wcH  as  we,  are  hi  the  pofition  whichx 

the 
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thie  power  of  gravity  conftrains  them  to  preferve ; 
and  that  pofition  is  fimilar  relatively  to  the  furface 
of  the  earth.  You  had,  undoubtedly,  no  need  of 
this  explanation ;  but  there  was  a  time,  and  it  is  not 
long  eiapfed,  when  it  would  have  been  neceflary  even 
to  perfons  who  were  then  honoured  with  the'  appel- 
lation of  the  learned. 

%%th/htguji%  1760. 
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LETTER  XLIX.       . 

True  Direflion  and  Aftion  of  Gravity  relatively  to  the 

Earth. 

npHOUGH  the  furface  of  the  earth  is  unequal* 
-*••  becaufe  of  the  mountains  and  valleys  which 
overfpread  it,  it  is,  however,  perfe&ly  level  wherever 
there  is  fea ;  the  furface  of  water  being  always  hori- 
zontal, and  the  vertical  line,  in  the  direction  of  which 
bodies  fall,  being  perpendicular  to  it.  If,  then,  the 
whole  globe  were  covered  with  water,  at  whatever 
fpot  of  the  furface  a  perfon  was^  the  vertical  line 
would  be  perpendicular  to  the  furface  of  the  water. 

Thus,  the  figure  A  B  COEFGHI  (plate  Hfc 
Jig.  i.)  representing  the  earth,  it's  furface  being  every 
where  horizontal ;  at  A  the  line  a  A  will  be  vertical? 
at  &  the  line  k  B ;  at  C  the  line  c  C ;  at  D  the  lino 
</D;  at  Fthe  fine/  F;  audio  of  the  reft.  Now;  at 
every  place  the  vertical  line  determines  what  is  to  be 
denominated  K/w#ntf  qr  ifownward;  to  perfons  at  A* 

then, 


1 94  ACTION  X>F  C  RAVITT. 

the  centre  of  the  earth.  Our  antipode  ,at  B,  if  he 
wanted  to  pais  from  B  to  A,  would  be  in  precifely 
the  fame  fituation.  From  B  to  the  centre  O  he 
would  have  to  defcend ;  but  from  O  to  A  it  would 
be  all  an  afcent*  Thefe  confiderations  lead  us  thus 
to  define  gravity  or  weight.  It  is  a  power  by  which 
all  bodies  are  forced  toward  the  centre  of  the  earth. 
The  fame  body  which,  being  at  A,  is  forced  in  the 
direction  A  O,  if  tranfported  to  B,  will  be  forced, 
by  the  power  of  gravity,  in  the  direction  B  O,  which 
is  directiy  oppofite  to  the  other.  By  the  direction  of 
gravity,  then,  we  every  where  regulate  the  fignifica- 
tion  of  the  terms  upward  and  downward,  rife  and  de- 
fcend\  as  gravity  or  weight  has  a  very  effential  influ- 
ence on  all  our  operations  and  enterprifes,  and  as 
even  our  own  bodies  are  animated  by  it  to  fuch  a 
degree,  as  univerially  to  feel  it's  effe&s. 

zyh  Augujl,  1760. 


LETTER  L. 

Different  Aflion  of  Gravity  with  refpeft  to  certain  Coun- 
tries and  Dijlances  from  the  Centre  of  the  Earth. 

YOU  are  now  fenfible  that  all  bodies  are  forced 
•dire&ly  towards  the  centre  of  the  earth,  and 
perpendicularly  to  it*s  furface  by  their  gravity :  the 
perpendicular  lines  at  the  furface  of  our  globe  are  ac- 
cordingly confidfcred  as  the  directions  of.  the  power 
of  gravity. 

,        .  .■     With 
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With  ftrift  propriety  is  the  term  power  applied  to 
gravity,  as  every  thing  capable  of  putting  a  body  in 
motion  is  expreffed  by  that  name.  Thus  we  afc4be 
power  to  horfes,  becaufe  they  are  able  to  draw  along 
a  chariot ;  or  to  the  current  of  a  river,  or  to  the 
wind,  becaufe  by  their  means  mills  may  be  put  ill 
motion.  There  can.be  no  doubt,  therefore,  that 
gravity  is  a  power,  as  it  forces  bodies  downward : 
and  we  are  abundantly  fenfible  of  the  eflfeS  *of  this 
power,  by  the  preffure  which  we  feel  when  We  carry 
a  load. 

Now,  in  every  power  two  things  ate  to  be  con- 
fidered :  firft,  the  direction  in  which  it  a&s,  or  forces 
along  bodies ;  and,  fecondly,  it's  quantity,  which  is 
eftimated  by  the  effeft  it  produces.  As  to  the  direc- 
tion of  gravity,  it  is  fufficiently  known,  for  we  are 
furc  that  it  forces  all  bodies  toward  the  centre  of  the 
earth,  or,  which  amounts  to  the  fame  thing,  that  it 
afts  perpendicularly  to  the  furface  of  our  globe. 

It  remains,  therefore,  that -we  examine  it's  quan* 
tity.  This  power  is  always  determined  by  the  weight 
of  every  body,*  and  as  bodies  diflfer  greatly  with  re- 

fpeft 

1  r 

*  In  order  to  fornr  an  exact  idea  of  the  weight  of  a  body,  it 
muft  be  recolle&ed,  that  gravity  impreffes,  or  has  a  tendency  to 
imprefs,  on  every  particle  of  bodies,  in  an  inftant,  a  certain  velo- 
city, with  which  they  would  fall*  if  they  were  not.fupported ;  and 
that,  abftracting  the  influence  of  the  air,  this  velocity  would  be 
the  fame  for  each  of  the  particles  of  bodies,  whatever  be  their  fub- 
ftance.  This  being  laid  down,,  we  muft  Urtderftand  by  the  weight 
of  a  body  the  effort  neceffary  to  prevent  it  from  falling ;  and  it  is 
evident  that,  in  order  to  this,  it  is  necefTary  to  deilroy  the  velocity 

O  ft  which 
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fpe&  to  weight,  thofe  which  are  hcavieft  are  Hkewife 
forced  downward  with  the  gteateft  violence.  It  ha$ 
beert  afked,  Whether  the  fame  body,  tranfpotted  to 
%  different  place  of  the  globe,  preftrves  always  the 
fainie  weight  ?  I  fpeak  of  bodies  which  lofe  nothing 
by  evaporation.  It  has  been  demonftrated,  by  un- 
doubted experiments, .  that  the  fame  body  weighs 
fomewhat  left  toward  the  equator,  than  toward  the 
poles  of  the  earth. 

It  Witt  readily  occur  to  you,  that  it  is  impoffiblt 
to  afcertain  this  difference  by  the  exadeft  balance, 
becaufe  the  ftandard  weights  employed  for  determin- 
ing the  weight  of  matter  in  bodies,  undergo  the 

which  gravity  hay  imprefled  on  every  particle.  Thus  effort  muft, 
therefore,  be  equal  to  the  fum  of  the  velocities  of  all  thefe  par- 
ticles. Hence  it  may  be  eafily  concluded,  that  bodies  the  mod 
compact,  that  is,  thofe  whofe  particles  are  the  clofeft,  and  which, 
oonfequently,  contain  a  greatct  number  of  diem  in  the  fame  bulk* 
will  weigh  more  than  others,  becaufe  the  weight  being  the  fum  of 
the  velocities  imprefTed  on  each  particle,  that  fum  muft  be  fo 
much  greater,  as  there  are  mort  material  particles  contained  in  the 
mafs  of  the  body.         N 

-  From  what  I  have  juft  faic%  *'  we  fee  the  neceffity  of  carefully 
'•  diftinguifhing  between  the  effect  of  gravity  and  that  of  weight : 
"  the  former  is  the  power  of  tranfmitting,  or  a  tendency  to  tranf- 
*'  mit  into  every  particle  of  matter  a  certain  velocity,  which  is  ab- 
"  folutely  independent  on  the  number  of  material  particles ;  and 
"  the  fecond  is  the  effort  which  muft  be  exercifed  to  prevent  a 
4<  given  mafs  from  obeying  the  law  of  gravity.  Weighty  accord- 
*'  ingly,  depends  on  tie  maf$9  but  gravity  has  no  dependence  at  ail  upon 
**it." 

I  thought  myfclf  obliged  to  enter  thus  minutely  into  the  fub- 
je&,  as  the  notions  commonly  entertained  of  it  arc  not  very  exact. 
— f.JJ. 

fame 
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fame  variation.  Thus  a  tf>afe,  which  with  us  might 
weigh  i  oo  pounds,  being  tranfported  to  the  equator* 
would  ftill  nominally  be  ioo  pounds  weight,  but  th« 
effort  will  be  fomewhat  lels  than  here.  This  varia- 
tion has  been  difcovered  by  the  effect  itfelf  of  the 
power  of  gravity,  which  is  the  velocity  of  the  de? 
fcent,  for  it  is  ibund  that  the  fame  body,  under  th$ 
equator*  does  not  defcend  with  fo  great  velocity  as 
in  high  latitudes.  ,  It  is  certain,  therefore,  that  the 
fame  body,  being  tranfported  to  different  peaces  df 
the  earth,  undergoes  a  little  change  as  to  weight, 

Let  us  now  return  to  the  aperture  made  in  the 
earth  through  it's  centre ;  it  is  clear,  that  a  body  at 
the  very  centre  muft  entirely  lofe  it's  gravity,  as  it 
could  no  longer  move  in  any  direction  whatever, 
all  thofe  of  gravity  tending  continually  toward  the 
centre  of  the  earth.  Since,  then,  a  body  Has  ad 
longer  gravity  at  the  centre  of  the  earth,  it  will  fol* 
low  that,  in  defcending  to  this  centre,  it's  gravity 
u^ill  be  gradually  diminifiied ;  and  we  accordingly 
conclude,  that  a  body,  penetrating  into  the  bowels 
of  the  earth,  Jofes  it's  gravity,  in  proportion  as  it  ap- 
proaches the  centre.  You  muft  be  fenfible,  then, 
that  neither  the  intenfity  nor  the  direftion  of  gravity 
is  a  conlequence  from  the  nature  of  every  body,,  as 
not  only  it's  intenfity  is  variable,  but  likewife  it's  dk 
re&ion,  which,  on  paffing  to  the  antipodes,  becomes 
quite  contrary. 

Having  travelled,  in  idea,  to  the  centre  of  the 
earth,  let  us  return  to  it's  furface,  and  afcend  to  the 
fummit  of  the  loftieft  mountains.    We  fhall  obferve 

O  3  -  there 
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there  no  fenfible  change  in  the  gravity  of  bodies, 
though  there  is  very  good  reafon  to  believe  that  the 
weight  of  a  body  diminHhes  in  proportion  as  it  re- 
moves from  the  earth.  You  have  but  to  imagine  a . 
body  gradually  removing  from  our  globe,  till  it 
reached  the  fun,-  or  one  of  the  fixed  ftars,  it  would 
be  ridiculous  to  think  that  fuch  a  body  muft  fall 
back  to  the  earth,  as  it  is  almoft  a  nothing  compared 
to  thefe  ftars.  Hence,  then,  it  may  be  concluded, 
that  a  body  in  removing  from  the  earth  muft  un- 
dergo a  diminution  of  gravity,  which  will  become 
fmaller  and  fmaller,  till  at  laft  it  wholly  difappear. 

There  are  reafons,  however,  which  demonftrate, 
that  a  body  removed  to  the  diftance  of  the  moon, 
will  ftill  have  fome  weight,  though  3600  times  lefs 
than  it  had  on  the  earth.  Let  us  conceive  fuch  a 
body  to  weigh  3600  pounds  on  the  earth,  no  one, 
furely,  is  capable  of  fupporting  it  here ;  but  convey 
it  to  the  diftance  of  the  moon,  and  I  fhall  engage  to 
fupport  it  with  one  of  my  fingers,  for  then  it  will 
weigh  only  one  pound  j  and  farther  removed,  would 
.  weigh  ftill  lefs.  We  are  certain,  therefore,  that  gra- 
vity is  a  power  which  forces  all  bodies  toward  the 
centre  of  the  earth,  that  this  power  ads  with  the 
greateft  force  at  the  furface  of  the  earth,  and  is  di. 
minifhed  in  proportion  as  it  removes  from  thence, 
whether  by  penetrating  toward  the  centre,  or  rifing 
above  the  furface  of  the  globe.  I  have  ftill  much  to 
fay  on  this  fubject* 

$Qtb  Auguftt  1760. 
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LETTER  JJ. 

■  1    .  >v 

Gravity  of  the  Moot}. 

T  HAVE  faid  that  a  terxeftrial  body,  placed  at  the 
-*-  diftance  of  the  moon,  would  be  reduced  to  the 
3600th  part  of  it's  weight,  or,  in  other  words,  would  > 
be  forced  toward  the  centre  of  the  earth  with  a  power 

* 

3600  times  lefsthan  it  has  at  the  furface  of  the  globe. 
This  power,  however,  would  be  fufficient  to  make  it 
defcend  to  the  earth,  if  it  were  no  longer  fupported. 
It  is  true  we  are  incapable  of  proving  this  by  any  ex-' 
periment,  as  no  means  exift  of  raifing  ourfelves  to 
fuch  a  height.  There  is,  however,  a  body  at  that 
height,  the  moon  :  flie  muft,  therefore,  be  fubjeft  to 
this  effect  of  gravity,  and  yet  we  fee  flie  does  not  fall* 
to  the  earth. 

To  this  I  anfwer,  that  if  the  moon  were  at  reft, 
fee  would  certainly  fall,  but  the  rapid  motion  which 
carries  her  along  prevents  her  falling.  There  are 
experiments  which  prove  the  folidity  of  this  anfwer. 
A  ftone  dropped  from  the  hand,  without  having  any 
motion  impreffed  upon  it,  falls  immediately,  in  the 
direftion  of  a  ftraight  vertical  line ;  but  if  you  throw 
this  ftone j  impreffing  on  it  a  motion  which  forces  it. 
out  of  that  direftion,  it  does  not  fall  immediately* 
downward,  but  moves  in  a  curve  line  before  it 
reaphes  the  earth,  and  this  will  appear  more  fenfibly 
in  proportion  to  the  velocity  impreffed  upon  it. 

A  cannon  ball,  difcharged  in  a  horizontal  direc- 

O  4  tion, 
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tion,  does  not  come  to  the  earth  till  it  has  got  to  a 
confiderable  diftance j  and  were  it  fired  from  the  top 
of  a  high  mountain,  it  might,  perhaps,  fly  feveral 
miles  before  it  reached  the  ground.  If  the  direction 
of  the  cannon  is  further  elevated,  and  the  quantity 
and  ftrength  of  the  powder  increafed,  the  ball  wil} 
be  carried  much  further.  This  might  be  carried  fa 
far,  that  the  ball  fhould  not  light  till  it  had  reached 
the  antipodes :  nay,  farther  ftill,  till  it  fhould  not  fall 
at  all,  but  return  to  the  place  where  it  was  fhot  off, 
and  thus  perform  a  new  tour  round  the  globe.  It 
would  thus  be  a  little  moon,  making  it's  revolutions 
round  the  earth  like  the  real  moon. 

You  will  now  pleafe  to  reflect  on  the  height  of 
the  jnoon,  and  the  prodigious  velocity  with  which 
fhe  moves,  and  you  will  no  longer  be  furprifed  that 
fhe  fhould  not  fall  to  the  earth,  though  forced  by 
gravity  toward  it's  centre.  There  is  another  reflec- 
tion which  will  place  this  in  a  clearer  light.  We 
have  only  to  confider  the  path  defcribed  by  a  ftone 
thrown,  or  a  cannon  ball  fhot  off,  in  an  oblique  di- 
rection. It  is  always  a  curve,  fuch  as  represented  \n 
the  annexed  figure  (plate  TEL.  fig.  3). 

Let  A  be  the  fummit  of  a  mountain  from  which 
the  cannon  ball  is  fired  off,  which,  after  having 
mpyed  in  the  direction  AEFB,  falls  to  the  ground 
at  ft  5  and  the  path  which  it  defcribes  is  a  curve  line. 
I  remark,  then,  that  if  the  ball  were  not  heavy,  that 
is,  if  it  were  not  forced  toward  the  earth  by  the 
power  of  gravity,  it  wopld  not  fall,  though  left  to 
itfd£>  as  gravity  is  the  only  caufe  of  it's  defcent ; 

much 
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much  lefs,  being  fired  off  at  A,  as  reprefented  in  the 
figure,  would  it  ever  fall  to  the  ground.  Hence  we 
fee,  it  is  gravity  that  brings  it  down  to  the  ground, 
after  having  described  the  curve  A  E  F  B ;  gravity, 
therefore,  directs  it's  path  in  the  curve  AEFB; 
and  if  it  were  deftitute  of  gravity,  the  ball  would 
not  defcribe  a  curve,  but  proceed  forward  in  the  di- 
rection of  the  ftraight  line  A  C,  the  direction  in 
which  it  was  fired  off# 

This  being  laid  down,  let  us  attend  to  the  moon, 
jvhich  affuredly  does  not  move  in  a  ftraight  line ; 
her  path  muft  of  neoeflity  be  a  curve,  as  fhe  always 
preferves  nearly  the  facie  diftance  from  us,  and  that 
curve  almoft  a  circle,  fuch  a*  you  would  defcribe 
round  the  earth,  with  a  radius  equal  to  the  moon's 
diftance.  ' 

It  is  very  reafooable  to  demand,  Why  the  moon 
does  not  move  in  a  ftraight  line  ?  But  the  ahfwer  is 
obvious ;  for  as  gravity  occafions  the  curve  dire&ion 
of  the  path  purfued  by  a  ftone  thrown,  or  a  cannon 
ball  fired  off,  there  is  godd  ground  for  maintaining, 
that  gravity  acts  likewife  upon  the  moon,  forcing 
her  toward  the  earth  j  and  that  this  gravity  occa- 
fions alfo  the  curve  diredion  of  her  orbit.  The  moon, 
then,  has  a  certain  weight,  ftxe  is,  of  confequence, 
forced  toward  the  earth ;  but  this  weight  is  3600 
times  lefs  than  it  would  be  at  .the  furface  of  the  earth. 
This  is  not  merely  a  probable  conjecture,  but  a  truth 
demonftrated.  For  this  gravity  being  fuppofed,  we 
are  enable  to  determine,  on  the  moft  eftablifhed  ma- 

thematical 
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thcmatical  principles,  the  path  which  the  moon  mulls 
purfue ;  and  this  is  found  perfe&ly  to  agree  with 
that. in  which  die  a&ually  does  move;  and  this  is  a 
complete  dcmonftration  of  the  truth  of  the  affertion. 

ifl  September,  1 760, 
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Difcovery  of  uftiverfal  Gravitation  by  Newton. 

GRAVITY,  then,  or  weighty  is  a  property  of  all 
terreftrial  bodies,  and  ft  extends,  likewife,  to 
the  moon.'  It  is  in  viftue*of  gravity  that  the  moon 
preffes  toward  the  eartlr  j  and  gravity  regulates  her 
motion  juft  as  it  dire&s  that  of  a  ftone  thrown,  or 
of  a  cannon  ball  fired  off-    -     '  -  ■"■■"  ' 

To  Newton  we  are  indebted-for  this  important  dif- 
covery. This  great  En^liflr  philoibpher  and  geome- 
trician, happening  'onfc  tlay  to  be  lying  under  an 
apple-tree,  an  apple  fell  upon  his  head,  and  fuggefted 
to  him  a  multitude  of  reflections.  He  readily  con- 
ceived that  gravity  was  the  caufe  of  the  apple's  fall- 
ing, by  overcoming  the  force  which  attached  it  to 
the  branch.  Any  perfon  whatever  might  have  made 
the  fame  refleftion ;  but"  the  Englifh  philofopher 
purfued  it  much  farther.  Would  this  force  have  al- 
,  ways  acted  upon -the  apple,  had  the  tree  been  a  great 
deal  higher?  He  could  entertain  no  doubt  of  it. 
But  had  the  height  been  equal  to  that  of  the  moon  ? 

Here 
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Here  he  found  himfelf  at  a  lofs  to  determine  whether 
the  apple  would  fall  or  not.  In  cafe  it  fliould  fall, 
which  appeared  to  him,  however,  highly  probable, 
fince  it  is  impoffible  to  conceive  a  bound  to  the  height 
of  the  tree,  at  which  it  would  ceafe  to  fall,  it  muft 
ftill  have  a  certain  degree  of  gravity  forcing  it  to- 
ward the  earth  \  therefore,  if  the  moon  were  at  the 
fame  place,  fhe  muft  be  preffed  toward  the  earth  by 
a  power  fimilar  to  that  which  would  aft  upon  the 
apple.  Neverthelefs  as  the  moon  did  not  fall  on  his 
head,  he  conjeftured  that  motion  might  be  the  caufe 
of  this,  juft  as  a  bomb  frequently  flies  over  us,  with- 
out falling  vertically. 

This  comparifoh  of  the  motion  of  the  moon  to 
that  of  a  bomb,  determined  him  attentively  to  ex- 
amine this  queftion ;  and,  aided  by  the  moft  fublime 
geometry,  he  difcovered,  that  the  moon  in  her  mo- 
tion was  fubjeft  to  the  fame  laws  which  regulate 
that  of  a  bomb,  and  that  if  it  were  poflible  to  hurl  a 
bomb  to  the  height  of  the  moon,  and  with  the  fame 
velocity,  the  bomb  would  have  the  fame  tiiotion  as 
the  moon,  with  this  difference  only,  that  the  gravity 
of  the  bomb  at  fuch  a  diftance  from  the  earth,  would 
be  much  lefs  than  at  it's  furfac^. 

You  will  fee,  from  this  detail,  that  the  firft  rea- 
fonings  of  the  philofopher  on  this  fubjeft  were  very 
fimple,  and  fcarcely  differed  from  thofe  of , the  clown; 
but  he  foon  puflied  them  far  beyond  the  level  of  the 
clown.  It  is,  then,  a  very  remarkable  property  of 
the  earth,  that  not  only  all  bodies  near  it,  but  thofe 
alfo  which  are  remote,  even  as  far  as  to  the  diftance 

of 
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of  the  moon,  have  a  tendency  toward  the  centre  of 
the  earth,  in  virtue  of  a  power  which  is  called  gra- 
vity, and  which  diminifhes  in  proportion  as  bodies 
remove  from  the  earth* 

The  Englifh  philofopher  did  not  flop  here.  As  he 
knew  that  the  other  planets  are  perfecUy  fimilar  to 
the  earth,  he  concluded,  that  bodies  adjacent  to  each 
planet  poflefc  gravity,  and  that  the  direction  of  this 
gravity  is  toward  the  centre  of  fuch  planet.  This 
gravity  might  be  greater  or  left  there  than  on  the 
earth;  in  other  words,  that  a  body  of  a  certain 
weight  with  us,  tranfported  to  the  furface  of  any 
planet,  might  there  weigh  more  or  lefs. 

Finally,  this  power  of  gravity  of  each  planet  ex- 
tends, likewife,  to  great  diftances  around  them ;  and 
as  we  fee  that  Jupiter  has  four  fatellites,  and  Saturn 
five,  which  move  round  them  juft  as  the  moon  does 
round  the  earth,  it  could  not  be  doubted,  that  the 
motion  of  the  fatellites  of  Jupiter  was  regulated  by 
their  gravity  toward  tjie  centre  of  that  planet ;  and 
that  of  the  fatellites  of  Saturn  by  their  gravitation 
toward  the  centre  of  Saturn.  Thus,  iii  the  fame 
manner  as  the  moon  moves  round  the  earth,  and 
their  refpeftive  fatellites  move  round  Jupiter  and 
Saturn,  all  the  planets  themfelves  move  round  the 
fun.  Hence  Newton  drew  this  illuftrious  and  impor-  ' 
tant  conclufion :  That  the  fun  is  endowed  with  a 
fimilar  property  of  attracting  all  bodies  toward  it's 
centre,  by  a  power  which  may  be  called  folar  gravity* 

This  power  extends  to  a  prodigious  diftance  around 
him,  and  far  beyond  all  the  planets,  for  it  is  this 

2  P°wer 
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power  which  modifies  all  their  motions.  The  fame 
great  philofopher  difcovered  the  means  of  determin- 
ing the  motion  of  bodies  from  the  knowledge  of  the 
power  by  which  they  are  attracted  to  a  centre ;  an4 
as  he  had  difcovered  the  powers  which  ad  upon  the 
planets,  he  was  enabled  to  give  an  accurate  defcrip- 
tion  of  their  motion.  In  truth,  before  he  arofe,  the 
world  was  in  a  ftate  of  profound  ignorance  refpeft- 
ing  the  motion  of  the  heavenly  bodies ;  and  to  him 
alone  we  are  indebted  for  all  the  light  which  we  nowf 
enjoy  in  the  fdence  ofaftrohomy. 

It  is  aftonifliing  to  think  how  much  of  their  pro± 
grefs  all  die  fciences  owe  to  an  original  idea  fo  very 
fimple.  Had  not  Newton  accidentally  been  lying  io, 
an  orchard,  and  had  not  that  apple  by  chance  faflen 
on  his  head,  we  might,  perhaps,  {till  have  been  in 
the  fame  ftate  of  ignorance  refpe&ing  the  motions  of 
the  heavenly  bodies,  and  a  multitude  of  other  phe- 
nomena depending  upon  them.*  This  fubjeft,  un- 
doubtedly, is  altogether  worthy  of  your  attention* 
and  fliall  therefore  be  refumed  in  a  future  letter. 

$d  September,  1760.  , 

*  Newton  was  afked  one  day,  How  he  had,  difcovered  the  fyf* 
tem  of  the  univerie  ?  By  continually  thinking  vpon  ii>  replied  he« 
This  anecdote  has  a  greater  air  of  probability  than  the  ftory  of  the 
apple.*— F.  E. 
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Continuation.    Of  the  mutual  Attraction  of  the  heavenly 

Bodies. 

rTPHE  Newtonian  fyftem,  you  will  eafily  believe* 
•**  made  at  firft  i  great  noife,  and  with  good  rea* 
fon,  as  no  one  had  hitherto  hit  upon  a  difcovery  to 
very  fortunate,  and  which  difiufed,  at  once,  fuch 
dear  light  over  every  branch  of  fcience.  It  has  been 
cxprefled  by  feveral  names,  of  which  it  is  proper  you 
fliould  be  informed,  becaufe  it  is  frequently  the  fub- 
je&  of  conversation. 

It  has  been  denominated,  the  fyftem  of  univerfal 
gravitation;  for  Newton  maintained,  that  not  only 
the  earth,  but  all  the  heavenly  bodies,  in  general,  are 
endowed  with  this  property,  of  attra&ing  thofc 
which  furround  them,  with  a  power  fimilar  to  that 
of  .weight,  or  gravity:  hence  is  derived  the  term 
Gravitation.  This  power  is,  however,  totally  invi- 
fible ;  for  we  fee  nothing  a&ing  upon  bodies,  and 
preffing  them  toward  the  earth,  and  ftill  lefs  toward 
the  heavenly  bodies. 

The  loadftone,  by  which  iron  and  fteel  are  attract- 
ed, without  our  being  able  to  difcern  the  caufe,  pre- 
fents  a  phenomenon  fomewhat  fimilar.  Though  it 
be  now  certain,  that  this  is  produced  by  a  fubftance 
extremely  fubtile,  which  penetrates  through  the  pores 
of  the  loadftone  and  of  the  iron,  it  may,  however,  be 
affirmed,  that  the  loadftone  attra&s  iron,  and  that 

iron 
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iron  is  attracted  by  it,  provided  this  manner  of  fpeak- 
ing  does  not  exclude  the  true  caufe.  It  may  like- 
wife  be  affirmed,  then,  .that  the  earth  attra&s  all 
bodies  that  ajre  near  i$,.nay  thofe  which  are  at  very 
great  diftanfces ;  and  we  may  confider  the  weight,  or 
gravity,  of  bodies,  as  the  effect  of  the  attraction  of 
the  earth,  which  acts  even  .upon  the  moon.* 

Again,  the  fun,  and  all  the  planets,  are  endowed 
with  a  fimilar  power  of  attra&ion,  which  extends  to 
'  all  bodies.  In  conformity  to  this  manner  of  fpeak* 
ing,  we  fay,  that  the  fun  attra&s  the  planets,  and 
that  Jupiter  and  Saturn  attract  their  refpeftive  fatel- 
lites ;  hence  Newton's  fyftem  has  likewife  been  deno- 
minated, the  fyftem  of  Attraction.  As  there  can  be  ; 
no  doubt  that  bodies  very  near  the  moon  muft  like- 
wife  be  preffed  to  it  by  a  power  fimilar  to  gravity, 
it  may  likewife  be  affirmed,  that  the  moon,  too,  at- 
tracts adjoining  bodies. 

It  was  natural  to  fuppofe,  that  this  attraction  of 
the  moon  fliould  extend  as  far  as  the  earth,  though 
it  muft  be,  undoubtedly,  very  feeble,  as  we  have  feen 

*  So  far  is  the  exiftence  of  a  magnetic  fluid  from  being  unde- 
niable,  that  it  is  highly  improbable,  if  not  abfurd.  The  various 
phenomena  of  magnetifm  may  clearly  be  derived  from  two  laws, 
or  general  fa&s ;  than  which  a  greater  (implicity  can  hardly  be  ex- 
pected. If  we  recur  to  the  agency  of  a  fluid,  we  muft  gratuitoufly 
beftow  on  it  a  number  of  properties  ;  .and,  after  all,  we  fhall  find 
it  extremely  difficult,  I  might  fay,  impoffible,  to  preferve  confift- 
ency  in  our  complicated  hypothecs;  nor  (hall  we  ever  be  able, 
from  our  afTumptive  principles,  to  account  for  the  fadts  obferved. 
Such,  at  leaft,  has  been  the  fate  of  die  Speculations  hitherto  offered 
on  the  fubjeft  of  magnetifm.— E.  £. 

that 
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that  of  the  earth  upon  the  moon  to  be ;  now,  the 
fame  philofopher  has  placed  this,  alfo,  beyond  the 
Teach  o£  doubt,  by  demonftrating  that  the  flux  and 
reflux  of  the  waters  of  the  Jea,  of  which  I  (hall  take 
occafion  to  fpeak  afterwards,  are  caufed  by  the  at- 
traction of  the  moon.  It  can  no  longer  be  doubted, 
therefore,  that  Jupiter  and  Saturn  are  reciprocally 
attraded  by  their  refpeCtive  fatellites j  and  that  the 
fun  itfelf  is  fubjed  to  the  attraction  of  the  planets, 
though  this  attractive  power  be  exceedingly  finalL 

This  is  the  origin  of  the  fyftcm  of  univerfal  at- 
traction, in  which  it  is  maintained,  and  with  good 
reafon,  that  not  only  does  the  fun  attrad  the  planets, 
but  is  reciprocally  attraded  by  each  of  them  ;  nay, 
that  all  the  planets  exert  their  attractive  power  upon 
each  other.  The  earth,  then,  is  attraded,  not  only 
by  the  fun,  but  alfo  by  all  the  other  planets,  though 
their  power  be  almoft  imperceptible,  compared  to 
that  of  the  fun.  , 

You  will  eafily  comprehend,  that  the  motion  of  a 
planet,  which  is  attraded  not  only  by  the  fun,  but 
by  the  other  planets,  in  however  imall  a  degree,  muft 
be  fomewhat  different  from  what  it  would  have  been, 
were  it  attraded  by  the  fun  only ;  and  that,  confe- 
quently,  the  attractions  of  the  other  planets  muft 
caufe  fomq  fmall  derangement  of  that  motion.  Now 
thefe  derangements  are,  likewife,  confirmed  by  ex- 
perience ;  and  this  has  carried  the  fyftem  of  uni- 
verfal attradion  to  the  higheft  poflible  degree  of  cer- 
tainty, fo  that  no  -  one  now  prefumes  to  difpute  it's 
truth. 

I  muft,  - 
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I  muft  likewife  remark,  that  comets,  tod>  are  fub- 
je&tothis  law;  that  they  are  principally  attracted 
by  the  fun,  whofe  action  regulates  their  motion ;  but 
that  they,  likewife,  feel  the  attra&ive  power  of  all 
the  planets,  efpecially  when  they  are  not  very  di£ 
tant  from  them.  It  is  a  general  rule,  as  we  fliall  fee 
afterwards,  that  the  attraftion  of  all  the  heavenly 
bodies  diminifhes  in  proportion  to  the  diftancp,  and 
increafes  in  proportion  to  the  nearnefs.  Now,  co- 
mets, likewife,  are  endowed  with  a  power,  by  which* 
other  bodies  are  attrafted  toward  them,  and  fo  much 
the  more  fenfibly,  as  they  approach  nearer.  When, 
therefore,  a  comet  paffes  fomewhat  more  clofely  to  a 
planet,  it  may  derange  the  motion  of  that  planet  by 
it's  attra&ive  power ;  and  it's  own  will  likewife  be 
difturbed  by  that  of  the  planet.  Thefe  confequences 
are  verified  by  real  obfervation. 

Examples  might  be  adduced  to  prove,  that  the 
motion  of  a  comet  has  been  deranged  by  the  attrac- 
tion of  the  planets,  near  which  it  happened  to  pafs,* 

*  The  comet  of  1682,  which  Ihould  have  re-appeared  in  1757* 
underwent,  from  the  attractive  powers  of  Jupiter  and  Saturn,  near 
which  it  pafTed,  a  confiderable  derangement,  which  retarded  it's 
appearance  nearly  two  years.  Mr.  Clairaut  calculated,  theoreti- 
cally, the  perturbations  which  it's  motion  muft  have  fuffered,  and 
predicted  the  return  of  that  comet,  with  a  degree  of  exactnefs, 
which  conftitutes  a  convincing  proof  in  favour  of  the  fyftem  of 
gravitation.  There  was,  however,  an  error  of  two  months.  But 
Mr.  de  la  Place  has  fince  demonft rated,  that  it  would  have  been 
much  lefs,  had  we  then  been  able  to  calculate  the  perturbations  of 
Jupiter  and  Saturn,  with  as  much  exa&nefs  as  it  now  can  be 
done. — JP.  E. 

Vol*  I.  P  and 
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and  that  the  motion  of  the  earth,  and  of  the  other 
planets,  ha$  already  undergone  fome  derangement* 
from  the  attradion  of  comets. 

The  fixed  ftars  being  bodies  fimilar  to  the  fun,  are 
likewife  endowed,  no  doubt,  with  an  attractive 
power,  but  their  enormous  diftance  prevents  our 
feeling  any  fenfible  effed  from  it. 

$tb  Sept*  1760. 
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Different  Sentiments  of  Pbilofopbers,  refpefting  univerfal 
Gravitation.    The  Attradionijls. 

TT  is  eftablifhed,  then,  by  reafons  which  cannot  be 
-^controverted,  that  an  univerfal  gravitation  per- 
vades all  the  heavenly  bodies,  by  which  they  are  at- 
tracted toward  each  other ;  and  that  this  power  is 
greater  in  proportion  to  their  proximity. 

This  fad  is  inconteftable,  but  it  has  been  made  a 
queftion,  Whether  we  ought  to  give  it  the  name  of 
impulfion^  or  [attraction  ?  The  name,  undoubtedly,  is  a 
matter  of  indifference,  as  the  effed  is  the  fame.    The 

»  r 

aftronomer,  accordingly,  attentive  only  to  the  effed 
of  this  power,  gives  himfelf  little  trouble  to  deter- 
mine, whether  the  heavenly  bodies  are  impeDed  to- 
ward each  other,  or  whether  they  mutually  "attrad 
one  another :  and  theperfon,  who  examines  the  phe- 
nomena only,  is  unconcerned,  whether  the  earth  at- 

tr«tds 
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tft&s  bodies,  or  whether  they  are  impelled  toward 
it,  by  fome  invifible  caufe* 

But,  in  attempting  to  dive  into  the  myfferies  of 
nature*  it  is  of  importance  to  know,  if  the  heavenly 
bodies  aft  upon  each  other  by  impulfion,  or  by  at- 
traction; if  a  certain  fubtile  invifible  matter  impels 
them  toward  each  other,  or  if  they  are  endowed  with 
b  fecret,  or  occult,  quality,  by  which  they  are  mu* 
tually  attracted  ?  On  this  queftion  philofophers  are 
divided.  Some  are  of  opinion,  that  this  phenome- 
non is  analogous  to  an  impulfion  ;  others  maintain, 
with  Newton,  and  the  Englifh  in  general,  that  it  con- 
lifts  in  attra&ion. 

It  muft  be  obferved,  that  the  terms  attraSt^  and 
draw,  are  not  perfedtiy  fynosymotts ;  that,  accord- 
ingly, it  is  hot  to  be  fuppofed,  there  is  an  iftterme- 
diate.  body  between  the  fun  and  the  earth. 

The  English,  and  thofe  who  have  adopted  the 
fame  opinion,  explain  it  in  this  manner.  They  main- 
tain, that  the  quality  of  mutual  attra&iori  is  proper 
to  all  bodies ;  that  it  is  as  natural  to  them  as  mag- 
nitude, and  that  it  is  a  fatisfying  folution  of  the  quef- 
tion, That  the  Creator  willed  this  mutual  attraction 
of  bodies.  Had  there  been  but  two  bodies  in  the 
univerfe,  however  remote  from  eadi  other,  they 
would  have  had,  from  the  firft,  a  tendency  toward 
each  other,  by  means  of  which  they  would  have,  in 
time*  approached  and  united.  Hence  it  follows,  that 
the  greater  a  body  is,  the  more  confiderable  is  the 
attra&ioa  which  it  exerts  upon  others  j  fot,  as  this 

V  2  quality 
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quality  is  cflential  to  matter,  the  more  of  it  any  body 
contains,  the  greater  is  it's  attractive  force. 

As  the  fun,  therefore,  confiderably  furpaffcs  all  the 
planets  in  magnitude,  it's  attractive  force  muft  be 
touch  greater  than  theirs.    They  Hkewife  remark, 
that  the  mais  of  Jupiter,  being  much  greater  than 
that  of  the  earth,  the  attractive  force  which  he  ex- 
ercifes  over  his  fatellites,  is  much  more  powerful 
than  that  with  which  the  earth  a&s  upon  the  moon. 
According  to  this  fyftem,  the  gravity  of  bodies  on 
the  earth,  is  the  refult  of  all  the  attractions  exercifed 
upon  them  by  the  particles  of  our  globe ;  and  if  it 
contained  more  matter  than  it  adually  does,  it's  at- 
traction would  become  more  powerful,  and  the  gra- 
vity of  bodies  would  be  increafed.    But  if,  on  the 
contrary,  the  mais  of  the  earth  fhould  happen,  by 
fome  accident,  to  be  diminiihed,  it's  attractive  force, 
too,  would  be  diminiihed,  as  well  as  the  gravity  of 
bodies,  at  it's  furface. 

It  has  been  objeded  to  thefe  philofophers,  that,  on 
their  hypothefis,  any  two  bodies,  whatever,  at  reft, 
for  inftance,  on  a  table,  muft  attraCt  each  other,  and, 
confequently,  approach.  They  admit  the  confe- 
quence,  but  they  infift,  that,  in  this  cafe,  the  attrac- 
tion would  be  too  fmall  to  produce  any  fenfible  ef- 
feft ;  for,  if  the  whole  mais  of  the  earth,  by  it's  at- 
tractive force,  produces  in  every  body,  only  that  ef- 
feCfc  which  we  perceive  in  the  weight  of  a  body,  a 
mafs  many  millions  of  times  fmaller  than  the  earth, 

will  produce  an  effeCt  as  many  times  {mailer. 

It 
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It  muft  readily  be  admitted,  that  if  the  weight  of 
a  body  became  .  many  millions  of  times  Ms,  the  ef- 
feft  of  gravity  upon  it  muft  be  reduced  to  almoft 
nothing :  attraction,  therefore,  cannot  be  perceptible, 
except  in  bodies  of  very  great  magnitude.  The  par- 
tizans  of  the  fyftem  of  gravitation,  therefore,  are  not 
vulnerable  on  this  fide,  and  they  produce,  in  fupport 
of  their  opinion,  an  experiment  made  in  Peru,  by  the 
French  academicians,*  in  which  they  perceived  the 
effect  of  a  flight  attraction  of  a  prodigious  mountain 
on  adjacent  bodies.  In  adopting,  therefore,  the  fyf-v 
tern  of  attraction,  we  need  to  be  under  no  appf  e- 
henfion  of  it's  leading  us  to  falfe  confluences ;  and 
it  has  hitherto  been  always  confirmed  by  the  new 
fa&s  which  have  been  discovered, 
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Power  by  which  the  Heavenly  Bodies  are  mutually  at* 

trailed* 

'VTOU  are  well' acquainted  with  the  prc*perty  of  the 

-*•    loadftone,  that  of  attracting  iron.    You  have 

feen  finall  bits  of  iron  and  fteel,  fuch  as  needles,  when 

*  The  academicians  fent  to  Peru,  in  1.735,  to  meafure  a  degree 
of  the  meridian,  obferved  a  deviation  of  $P  in  the  plumb-line  of 
their  quadrant,  occafioncd  by  the  attraction  of  PicheneAa,  a  moun- 
tain near  the  place  where  they  were  making  their  obftrvatiom. 
Dr.  Majkdynt  has  more  recently  made  obfervations  for  aibertaining 
the  effect  of  the  attraction  of  the  mountains  of  Scotland.— F.  E. 
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placed  near  the  loadftone,  move  to  it  with  a  force 
proportioned  to  their  proximity.  As  you  fee  no* 
thing  that  impels  them  toward  *  the  loadftone,  .we 
fay  that  the  loadftone  attrafts  them,  and  this  pheno* 
menon  we  call  attraffion.  It  cannot  be  doubted,  how* 
ever,  that  there  is  a  very  fubtile,  though  invifible, 
matter,  which  produces  this  effeft,  by  a&ually  im» 
pelling  .the  iron  toward  the  loadftone ;  but  as  modes 
of  expreffion  are  regulated  by  appearances,  it  has  be* 
come  cuftomary  to  fay,  that  the  loadftone  attrafts 
iron. 

Though  this  phenomenon  be  peculiar  to  the  load- 
ftone and  iron,  it  is  perfedly  adapted  to  convey  an 
idea  of  the  fignification  of  the  word  attraction,  which 
philofophers  fo  frequently  employ.  They  allege, 
then,  that  all  bodies,  in  general,  are  endowed  with  a 
property  fimilar  to  that  of  the  loadftone,  and  that 
they  all  mutually  attract ;  but  that  this  effeft  becomes 
not  perceptible,  unlefs  they  are  very  great,  and  can- 
not be  perceived  when  they  are  fmall. 

However  great,  for  example,  a  ftone  may  be,  it 
exercifes  no  fenfible  attraction  on  other  bodies  adja- 
cent to  it,  becaufe  it's  power  is  too  fmall.  But  if  it's 
mafs  were  to  increafe,  and  to  become  many  thou- 
fands  of  times  greater,  it's  effeft  would,  at  length, 
become  perceptible.  It  has  already  been  remarked, 
that,  from  aftual  obfervation,  it  was  found^that  a 
lofty  mountain  in  Peru  had  produced  attraction, 
though,  indeed,  in  a  very  fmall  degree.  A  moun- 
tain full  greater,  would  produce,  therefore,  a  more 
fenfible  attraction  j  and  a  body  much  greater,  fuch 
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as  the  whole  globe,  would  attract  others  with,  a  force 
proportionally  greater;  and  this  force  would  be; 
precifely,  the  gravity  with  which  we  fee  that  they 
are  aChially  impelled  toward  the  earth. 

According  to  this  fyftem,  then,  the  gravity  which 
obliges  all  bodies  to  defcend,  is  nothing  elfe  but  the 
refult  of  the  attraction  of  the  whole  mafs  of  the 
earth.  If  this  mafe  were  greater,  or  lefs,  the  gravity, 
or  weight,  of  bodies  would  be  proportionally  greater 
or  leis.  Hence  it  follows,  that  all  the  other  great 
bodies  in  the  univerfe,  as  the  fun,  the  planets,  and 
the  moon,  are  endowed  with  a  fimilar  attractive 
power,  but  greater  or  Ids,  in  proportion  as  they 
themfelves  are  fo. 

As  the  fun  is  many  thousands  of  times  greater 
than  the  earth,  his  attractive. power  exceeds  that  of 
the  earth,  fo  many  thoufand  times.  The  mafs  of  the 
moon  is  calculated  to  be  forty  times  lefs  than  that  of 
the  earth :  it  will  follow,  that  her  attractive  force  is 
fo  many  times  lefs ;  and  the  lame  rule  applies  to  all 
the  heavenly  bodies. 
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The  fame  Subjeft  continued. 

TN  virtue  of  the  fyftem  of  ^ttraCtion,  Or  univerfal 
gravitation*  each  of  the  heavenly  bodies  attra&s 
all  the  reft,  and  is  reciprocally  attracted  by  them. 

P4  In 
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In  order  to  form  a  judgment  of  the  force  with 
which  thefe  bodies  attract  the  others,  we  have  only 
to  confider  two  bodies,  whofe  attraction  is  mutual. 
And  here  we  muft  attend  to  three  things  ;  firft,  to 
the  body  at  trading;  fecondly,  to  the  body  attracted ; 
and,  finally,  to  their  diftance ;  for  on  thefe  three  cir* 
cumftances  the  attra6tive  power  depends. 

Let  A  (plate  TEL*  Jig.  4,)  be  the  attracting  body,  and 
B  the  bdtty  attrafted ;  both  of  them  fpherical,  the 
heavenly  bodies  being  nearly  of  this  figure.  Take 
for  their  diftance  that  of  their  centres  A  and  B,  that 
is,  the  ftraight  line  A  B.  Now,  with  refpeft  to  the 
mafs  of  the  attracting  body  A,  it  muft  be  remarked, 
that  the  greater  it  is,  the  greater  alfo  will  be  it's 
•power  to  attract  the  body  B.  Confequently,  if  A 
were  twice  as  great  as  B,  this  laft  would  feel  an  at- 
traction, twice  as  powerful,  exercifed  over  it,  by  the 
other;  if  it  were  three  times  as  great,  the  effeA 
would  be  triple,  and  fo  on,  always  fuppofing  the  di£ 
tance  of  their  centres  to  be  the  fame. 

If,  then,  the  earth  contained  more  or  lefs  matter ' 
than  it  a&ually  does,  it  would  attract  all  adjacent 
bodies,  with  greater  or  lefs  force,  or  their  weight 
would  be  increafed  or  diminifhed.  And,  as  the  earth 
itfelf  is  attra&ed  by  the  fun,  the  fame  thing  might: 
be  affirmed  as  to  it,  fhould  the  mafs  of  that  luminary 
happen  to  change,  As  to  the  attra&ed  body  B,  fup- 
pofing the  attra&ing  body  A,  and  the  diftance  A  B, 
to  continue  the  fame,  it  is  to  be  remarked,  that  the 
greater  or  fmaller  it's  mafs  is,  the  greater  or  lefs, 
jilfp,  is  the  power  with  which  it  is  attrji&ed  tQr' 
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ward  A.  Thus,  if  the  body  B  were  twice  as  great,  it 
would  be  attracted  toward  A,  with  double  the  force ; 
if  three  times  greater,  with  triple  the  force,  and  fo 
on. 

In  order  more  clearly  to  elucidate  this  remark,  wo 
have  only  to  fubftitute  the  earth  in  the  place  of  the 
attracting  body  A  5   then  the  force  with  which  the 
body  B  is  attracted,  is  nothing  elfe  but  the  weight  of 
that  body.  Now,  it  is  demonftrated,  that  the  greater 
or  fmaller  the  body  B  is,  the  greater  or  lefs,  alfo,  is 
it's  gravity ;  hence  it  follows,  that  while  the  attract- 
ing body  A,  and  the  diftance,  A  B  continue  the  fame, 
the  attraction  which  B  feels,  precifely  follows  the 
magnitude  of  that  body.     To  exprefs  this  circum- 
ftance,  mathematicians  employ  the  term  proportional ; 
thus  they  fay,  The  body  B  is  attracted  by  the  body 
A,  with  a  force  proportional  to  it's  mafs ;  the  mean- 
ing of  which  is,  that  if  the  mafs  of  body  B  were  twice, 
thrice,  or  four  times  greater,  the  attractive  power 
would  be  precifely  fo  many  times  increafed.     Thus, 
with  refpeCt  to  the  attracting  body  A,  they  fay,  that 
the  power  which  it  exercifes  over  the  body  B,  is  pro- 
portional to  it's,  mafs,  fo  long  as  that  of  B,  and  the 
diftance  A  B  continue  the  fame.  .  , 

I  muft  farther  obferve,  that  when  we  fpeak  of  the 
quantity  of  the  attracting  body  A,  or  of  the  attracted 
body  B,  we  mean  the  quantity  of  matter  which  each 
contains,  and  not  their  magnitude  merely.  You  will 
recoiled,  that  bodies  differ  confiderably,  in  this  re- 
fpeCt,  and  that  there  are  fome,  which,  in  a  very  fmall 
fompafs,  contain  a  great  deal  of  matter,  gold,  for 

example, 
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example,  while  others,  fuch  as  air,  contain  very  little 
in  a  great  fpaca  When,  therefore,  we  here  fpeak  of 
bodies,  we  arc  always  to  be  underftood  as  referring 
to  the  quantity  of  matter  which  they  contain :  this 
is  what  we  meak  by  their  ma&  \ 

All  that  now  remains  is,  to  examine  the  third  cir- 
comftance,  namely,  the  diftance  A  B  of  the  two 
bodies,  fuppofing  them  to  continue  always  the  fame. 
It  muft*be  obferved,  that  as  the  diftance  A  B  in- 
creafes,  the  attraction  diminifhes  :  and  that  as  they 
approach  nearer,  it  increafes :  but  in  conformity  to 
a  law,  which  it  is  not  fo  eafy  to  expreis.  When  the 
diftance  becomes  twice  as  great,  the  force  with  which 
the  body  B  is  attracted  toward  the  body  A,  will  be 
twice  two,  or  four  times  lefe ;  and  for  triple  the  dif- 
tance, the  attraction  becomes  three  times  three,  that 
is  nine  times  lefs.  If  the  diftance  becomes  four  times 
greater,  the  power  of  attraction  becomes  four  times 
four,  that  is  fixteen  times  lefs,  and  fo  on.  Finally, 
for  a  diftance  a  hundred  times  greater,  the  power  of 
attraftion  will  be  a  hundred  times  a  hundred,  or  ten, 
thoufand  times  lefs.  From  this  it  follows,  that  at 
very  great  diftances,  it  muft  become  altogether  im- 
perceptible. And  reciprocally,  when  the* diftance 
A  B  is  very  final],  the  attraction  may  be  very  con- 
fiderahle,  though  the  bodies  may  be  of  no  great  mag* 
nitude. 
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The  fame  Subjeft  continued. 

I  HAVE  now  demonftrated,  that  when  a  bodjr  B 
is  attraftcd  by  a  body  A,  the  power  of  attraction 
is  proportional  to  the  mafs  of  the  attracting  body  A, 
and  to  tjiat  of  the  attra&ed  body  B ;  but  it  depends, 
to  fuch  a  degree,  on  the  diftance  of  thefe  bodies, 
that  if  it  fhould  become  twice,  thrice,  four  or  five 
times  greater,  the  power  of  attraftion  would  become 
four,  nine,  fixteeji,  or  twenty-five  times  lefs. 

Jn  order  to  afcertain  the  rule  of  thefe  quantities, 
we  muft  multiply,  into  itfelf,  the  number  which 
marks  how  many  times  the  diftance  is  increafed,  and 
the  produd  will  {hew  how  many  times  lefs  the  power 
of  attraftion  has  become.  To  put  this  rule  in  it's 
cleareft  light,  it  muft  be  pbferved,  that  when  we  mul- 
tiply a  number  into  itfelf,  the  product,  refulting  from 
it,  is  called  it's  fquare.  Thus,  to  find  thefe  fquares, 
we  muft  multiply  the  numbers  by  themfelves,  as 
below. 


I 

Multiplied  by  i 

2 
a 

3 
3 

4 

4 

5 
5 

61 
6 

7 
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9 
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49 

64 

81 
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II                                                       12 
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11                                           24 

II                                                         12 
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dear,  from  this  laft  example,  that  the  fquare 
of  number  12  is  144;  and  if  you  wiih  to  know  the 
fquare  of  any  number  whatever,  fay  258,  you  muft 
multiply  that  number  by  itfelf,  as  in  the  following 
reparation ; 

2064 
1290 
516 


66564 


From  which  we  fee,  that  the  fquare  of  258  is  66^641 
and  the  fquares,  of  all  numbers  whatever,  may  be 
calculated  in  like  manner. 

As  the  diftance  of  bodies,  then,  muft  be  multiplied 
by  itfelf,  it  is  evident,  that  the  power  of  attra&ion 
diminifhes,  as  much  as  the  fquare  of  the  diftance  in- 
creafes :  or,  that  the  fquare  of  the  diftance  becomes 
as  many  times  greater,  as  the  power  of  attra&ion  i$ 
diminifhed. 

In  treating  fubje&s  of  this  nature,  mathematicians 
employ  expreffions,  whofe  fignification  it  is  proper 
you  fliould  know,  becaufe  they  fometimes  occur  in 
the  courfe  of  converfation*  If  the  attractive  power 
increafed  in  proportion  to  the  fquare  of  the  diftance, 
we  would  call  it  proportionally  to  the  fquare  of  the 
diftance ;  but  as  the  direft  contrary  takes  place,  and 
as  the  attractive  power  diminifhes  as  the  fquare  of 
the  diftance  increafes,  we  employ  the  term  recipro* 

caltyi 
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calfy9  to  exprefc  this  contrariety,  faying,  that  the 
powfer  is  reciprocafly  proportional  to  the  fquare  of 
the  diftance.*  It  is  a  geometrical  mode  of  expref- 
fion,  the  meaning  of  which  you  perfe&ly  compre- 
hend, and  it  refers  to  what  I  have  juft  been  attempt* 
ing  to  explain. 

In  order  to  judge  aright  of  the  power  which  one 
body  exercifes  over  another,  you  have  only  to  re- 
mark, that  this  power  is,  firft  of  all,  proportional  to 
the  mafs  of  the  attracting  body :  then,  to  that  of  the 
body  attracted ;  and  finally,  reciprocally  to  the  fquare 
of  their  diftance.  Hence,  it  is  evident,  that  though 
the  earth,  and  the  other  planets,  are  likewife  attract- 
ed toward  the  fixed  ftars,  this  power  muft  be  imper- 
ceptible, on  account  of  their  prodigious  diftance. 

Suppofing,  therefore,  the  mafs  of  a  fixed  ftar  to  be 
equal  to  that  of  the  fun,  at  equal  diftances,  the  earth 
would  be  attrafted  toward.it,  with  a  force  as  great  as 
toward  the  fun ;  but  as  the  diftance  of  the  fixed  ftar 
is  4oo,oop  times  greater  than  that  of  the  fun,  the 
fquare  of  this  number  being  1 60^000,000,000,  that 
is,  a  hundred  and  fixty  thoufand  millions,  the  power 
with  which  it  ads  upon  our  globe,  is  a  hundred  and 
fixty  thoufand  millions  of  times  lefe  than  that  of  the 
fun ;  and,  confequently,  too  feeble  to  produce  any 
perceptible  eflFeft.  For  this  reafon,  the  attractive 
power  of  the  fixed  ftars  does  not  at  all  afFe&  the 

earth's  motion,  nor  that  of  the  planets  and  the 

■ 

*  It  is-  more  cuftomaiy  to  fay,  that  attra&ibn  is  in  the  direft 
ratio  of  the  mattes  of  the  attracting  and  attracted  bodies ;  and  in 
the  inveife  ratio  of  the  fquare  of  their  diftance,— jF.  E. 
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moon  i  but  it  is  that  of  the  fun  which  chiefly  regu* 
lates  their  motions,  becaufe  his  mafs  exceeds  many 
thoufands  of  times  the  mafe  of  each  planet* 
-  When,  however,  two  planets  approach,  fo  that 
then:  diftance  becomes  lefs  than  that  of  the  fun,  their 
attractive  power  increafes,  and  may  become  fuflL- 
dently  perceptible  to  derange  their  motion-  Such 
derangement  has,  in  fad,  been  obferved ;  and  con- 
ftitutes  an  irrefiftible  proof  of  the  fyftem  of  univerfal 
gravitation.  Accordingly,  when  a  comet  approaches 
very  near  to  a  planet,  the  motion  of  this  laft  may  be 
confiderably  affe&ed  by  it* 
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Motion  of  the  heavenly  Bodies.     Method  of  determining 
it  by  the  Laws  of  univerfal  Gravitation* 

TT'ROM  what  has  been  faid,  refpe&ing  the  power 
•*■  by  which  all  the  heavenly  bodies  mutually  attraft 
each  other,  proportionally  to  their  mafs  and  diftance, 
you  are  enabled  to  comprehend,  how  their  motions 
may  be  determined,  and  the  real  place  of  each  body, 
at  any  given  time,  accurately  affigned. 

In  this  aftronomy  confifts  ;  the  objed  of  which  is 
an  exad  knowledge  of  the  motions  of  the  heavenly 
bodies,  in  order  to  be  able  to  determine,  for  every 
inftant  of  time,  whether  paft  or  to  come,  the  place 
in  which  each  of  them  mull  be,  and  in  what  placq  of 

the 


\ 


HEAVEHLY  BODIES,  *%$ 

the  heavens  it  muft  appear,  whether  viewed  from  the 
earth,  or  any  other  point  whatever  of  the  univerfe* 
.  The  fcience  which  treats  of  motion  in  general,  is 
named  mechanics ,  or  dynamics.     It's  objeft  is  to  de-  ' 
termine  the  motion  of  all  bodies  whatever,  animated 
by  whatever  power.    This  fcience  conftitutes  one 
of  the  principal  branches  of  mathematics  j  and  thofe 
who  apply  to  it,  exert  all  their  efforts  to  carry  me- 
chanics to  the  higheft  poffible  degree  of  perfection. 
The  fubje&s  about  which  this  fcience  is  converfant, 
are,  however,  fo  intricate,  that  there  is  hitherto  no 
great  ground  of  boafting  of  our  progrefs  in  the  in- 
yeftigatioa  of  them  j  and  we  muft  reft  fatisfied  with 
advancing  ftep  by  ftep.     Not  many  years  are  elapfed 
fince  we  began  to  make  any  progrefs  at  all  in  this 
career,  and  what  has  been  done  is  chiefly  to  be  at 
cribed  to  the  academy  of  fciences  at  Paris,  which 
propofes  annual  prizes  to  the  beft  proficients  in  the 
profecution  of  this  fcience. 

The  greateft  difficulty  arifes  from  the  number  of 
powers  which  aft  upon  the  heavenly  bodies.  If  each ' 
of  thefe  were  attracted  toward  only  one  fingle  pointy 
there  would  be  very  little  difficulty  in  the  way  j  and 
the  great  Newton,  who  died  in  1728,  was  the  firft 
tvho  gave  a  complete  demonftration  of  the  motion 
of  two  bodies  which  have  a  mutual  attraction,  in 
conformity  to  the  law  which  I  have  laid  down.  In 
virtue  of  this  law,  were  the  earth  attracted  toward 
the  fun  only,  we  Ihould  be  able  perfectly,  without 
refearch,  to  determine  it's  motion.  The  fame  thing 
would  apply  to  the  other  planets,  Saturn,  Jupiter, 

Mars, 
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moon  i  but  it  is  that  of  the  fun  which  chiefly  regu* 
btes  their  motions,  becaufe  his  mafs  exceeds  many 
thou&nds  of  times  the  mafe  of  each  planet* 

When,  however,  two  planets  approach,  fo  that 
then:  diftance  becomes  lefs  than  that  of  the  fun,  their 
attractive  power  increafes,  and  may  become  fuf&» 
ciently  perceptible  to  derange  their  motion*  Such 
derangement  has,  in  fad,  been  obferved ;  and  con- 
ftitutes  an  irrefiflible  proof  of  the  fy ftem  of  univerfal 
gravitation*  Accordingly,  when  a  comet  approaches 
very  near  to  a  planet,  the  motion  of  this  laft  may  be 
confiderably  affe&ed  by  it. 
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Motion  of  the  heavenly  Bodies.     Method  of  determining 
it  by  the  Laws  of  univerfal  Gravitation* 

T7ROM  what  has  been  faid,  refpeAing  the  power 
•*■  by  which  all  the  heavenly  bodies  mutually  attraft 
each  other,  proportionally  to  their  mafs  and  diftance, 
you  are  enabled  to  comprehend,  how  their  motions 
may  be  determined,  and  the  real  place  of  each  body, 
at  any  given  time,  accurately  affigned. 

In  this  aftronomy  confifts  ;  the  obje&  of  which  is 
an  exaft  knowledge  of  the  motions  of  the  heavenly 
bodies,  in  order  to  be  able  to  determine,  for  every 
inftant  of  time,  whether  paft  or  to  come,  the  place 
in  which  each  of  them  muft  be,  and  in  what  placQ  of 
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the  heavens  it  muft  appear,  whether  viewed  from  the 
earth,  or  any  other  point  whatever  of  the  univerfe* 
.  The  fcience  which  treats  of  motion  in  general,  is 
named  mechanics,  or  dynamics.     It's  object  is  to  de-  * 
termine  the  motion  of  all  bodies  whatever,  animated 
by  whatever  power.    This  fcience  conftitutes  one 
of  the  principal  branches  of  mathematics j  and  thofe 
who  apply  to  it,  exert  all  their  efforts  to  carry  me- 
chanics to  the  higheft  poffible  degree  of  perfection. 
The  fubje&s  about  which  this  fcience  is  converfant, 
are,  however,  fo  intricate,  that  there  is  hitherto  no 
great  ground  of  boafting  of  our  progrefs  in  the  in- 
yeftigatioa  of  them ;  and  we  muft  reft  fatisfied  with 
advancing  ftep  by  ftep.     Not  many  years  are  elapfed 
fince  we  began  to  make  any  progrefs  at  all  in  this 
career,  and  what  has  been  done  is  chiefly  to  be  at 
cribed  to  the  academy  of  fciences  at  Paris,  which 
propofes  annual  prizes  to  the  beft  proficients  in  the 
profecution  of  this  fcience. 

The  greateft  difficulty  arifes  from  the  number  of 
powers  which  aft  upon  the  heavenly  bodies.  If  eadb ' 
of  thefe  were  attrafted  toward  only  one  fingle  pointy 
there  would  be  very  little  difficulty  in  the  way  ;  and 
the  great  Newton,  who  died  in  1728,  was  the  firft 
tvho  gave  a  complete  demonftration  of  the  motion 
of  two  bodies  which  have  a  mutual  attra&ion,  in 
conformity  to  the  law  which  I  have  laid  down.  In 
virtue  of  this  law,  were  the  earth  attracted  toward 
the  fun  only,  we  fhould  be  able  perfe&ly,  without 
refearch,  to  determine  it's  motion.  The  fame  thing 
would  apply  to  the  other  planets,  Saturn,  Jupiter, 
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IN  order  the  more  clearly  to  eluckjate vrhat  I  have 
been  advancing,  rcfpe&ing  the  motiop  of  the 
heavenly  bodies,  and  the  powers  whkb  ptoducc  it, 
permit  me  to  prefent  to  you,  £p!&-t$* Ji$  ijtk& 
iyflern  of  the  univerfe,  pr  a  description, of  the  hea- 
venly bodies  which  compete  it. 

We  muft,  firft  of  all,  ohferye,  that  the  fixed  ftars 
are  bodies  entirely  fimilar  to  the  fun,  and  luminous 
of  themselves ;  that  they  are  at  a  very  great  diftance 
ftron)  that  luminary  $  and  alfo  very  diftant  from  each 
other,  and  that  every  one  of  them,  is,  perhaps,  of 
equal  magnitude  with  the  fun.  You  are  already  in- 
formed,  that  the  fixed  (tar  neareft  to  us,  is  at  leaft 
400,000  times  more  diftant  than  the  fun.  Each  of 
the  fixed  ftars  feems  defined  to  communicate  light 
and  heat,  to  a  certain  number  of  opaque  bodies, 
fimilar  to  our  earth,  and,  undoubtedly,  inhabited 
likewife,  placed  near  them,  but  which  we  cannot  fee, 
on  account  of  their  prpdigious  diftance. 

Though  it  is  impoflible  to  ascertain  this  by  aftual 
obferyations,  we;  muft  conclude  it,  from  their  ana- 
logy to  the  fun,  who  ferves  to  warm .  and  to  illumi- 
nate the  earth  and  the  other  planets.  We  know, 
particularly,  fix  of  thefe  bodies ;  they  are  not  in  a 
ftate  of  reft,  but  each  of  them  moves  round  the  fun, 
in  the  direction  of  a  curve  line,  fomewhat  different 
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from  a  circle,  and  which  is  called  the  planet's  orbit. 
The  fun  hiffifetf  is,  nearly,  in  a  ftate  of  reft,  as  well 
as  all  the  fixed  ftars ;  the  mption  which  they  appea? 
to  have,  being  entirely  owing  to  that  of  the  earth. 

I  have,  accordingly,  reprefented  on  the  annexed 
fheet,  what  is  called  the  folar  fyftem,  which  contains 
all  the  opaque  bodies  that  move  round  the  fun,  and 
derive  from  him  all  the  benefits  which  he  imparts  to 
us.  This  fign  0  (plate  IV.  fig.  i.)  reprefents  the  fun 
at  rpft,  ,  You  fee,  befides,  fix  concentric  circles,  re* 
prefenting  the  orbits  defcribed  by  the  planets  in  their 
motion  round  him. 

That  neareft  to  the  fun  is  Mercury,  marked  by  the 
fign  S  ,  and  the  bjack  dot  you  fee  in  the  orbit  repre- 
fents the  body  of  Mercury,  who  performs  his  revo-* 
lution  round  the  fun  in  about  88  days. 

Next  comes  Venus,  marked  by  ?  ,  who  completer 
a  revolution  round  the  fun  in  fovea  months  nearly. 

The  third  circle  is  the  orbit  of  the  earth,  marked 
by  the  fign  S ,  and  which  completes  a  revolution 
round  the  fun  in  a  year.  We  have  no  other  mean- 
ing,  in  truth,  to  the  word  year,  but  the  time  em- 
ployed by  the  earth  in  performing  a  revolution  round 
the  fun ;  and  the  duration  pf  the  common  year  nearly 
approaches  to  this  folar  year. 

But  while  the  earth  is  moving  round  the  fiia, 
there  is  another  body  moving  round  the  earth,  and 
keeping  the  direction  of  it'$  orbit  j  this  is  the  moon, 
whofe  own  circle,  or  orbit,  is  marked  by  D . 

The  two  firft  planets,"  Mercury  and  Venus,  have 
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no  vifible  bodies  yhicft  attend ' them:  neither  has 
Mars  6* ,  which  is  the  fourth,  ahd'pterfprms  his  revo- 
lution  in  about  two  years.     '    ' 

The  fifth  circle  is  the  brbk '  b¥  /upitet,  marked 
by  y ,  who  performs  his  rev6hitfo)l  in  twelve  years 
nearly.  Round  him  move  fouV  fktdlites,  reprefented 
in  the  plate,  with  their  Orbits,  and  marktetf  by  tie 
figures  i,  2,  3,  4.  ;-     '"■ 

Finally,  the  fixth  and  laft  circle'  is  the  orbit  -of  Sar 

turn,  marked  thus,  *? ,  who  etnploys  almoft  thirty 

•         »     •       .  •■     •  ^        .,>_*#  .   .        » 

years  in  performing  one  revolution  round  the  ftin. 
This  planet  is  attended,  in  his  courfe,  by  five  fetd- 
lites,  marked  by  the  figures  i ,'  2}  3 }  4,  5.  Thusi  then , 
the  folar  fyftem  confifts  of  fix"  primary  planets,  Mer- 
cury  s  ,  Venus  9 ,  £he  Earth  S  ,  Mars  3 ,  Jupiter  2f , 
Saturn  ^ ,  and  ten  fecondary  planets  or  fatellites, 
namely,  the  moon,  the  four  attendants  of  Jupiter, 
and  the  five  of  §aturn.# 

*■*  1      » 

t"  •  ... 

.  *  To  this  enumeration  imft  now-  be  addec},  the  planet  difcq* 
yered  at  Bath  the  ij th'  of  March,  1781,  by  My.  Hq/c/^/,  and 
taken  at  £rrl  for  a  comet.  It  is  more  diftant  frpm  the  fun  than 
Saturn,  and  it's  orbit  muft  be  reprefented  by  a  feventh  circle, 
circumfcribing  all  the  others.  The  period  of  it's  revolution  is 
about  83  years.  Tables  of  it's  motion  have  been  conftru&ed, 
which  reprefent  already  the  obfervations  with  an  exactnefs,  that 
announces  the  perfedion  both  of  the  inftruments,  and  of  the  me- 

•  .  "...  ,  *    . 

thod  of  calculation. 

'  r         ;  ,      1 

It  is  admitted,  that  this  ftar  was  feen  in  1756,  in  the  month  of 
September,  by  Mr.  Mayer  >  of  Gottingen ;  but  that  aftronomer 
fook  j t  for  a  fixed  ftar,  and  having  obferved  it  only  once,  he  could 
not  aicertain  it's  motion:  his  determination  agrees  in  other  re- 
Qpe&s  with  the  place  which  the  tables  affign  to  the  planet  of  Mr. 

Herfchel} 
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This  fyftem  contains,  befides,  feveral  comets,  the 
humber  of  which  is  unknown*  The  figure  on  the 
plate  teprefents  one  of  them^  whofe  orbit  differs  from 
that  of  the  planets;  becaiife  it  is  drawn  but  into  ex- 
treme length,  fo  that  a  comet  fometimes  approaches 
very  near  to  the  fun,  and  fometimes  removes  to  fuch 
an  immenfe  diftance,  as  entirely  to  difappear,  Of 
comets  it  has  been  remarked,  that  one  finifhes  hfe 
revolutions  in  his  orbit,  in  ajxrnt  fixty  years ;  this 
is  the  brie  that  was  \ifible  laft  year;  As  to  the  other 
comets,  it  is  certain,  that  they  employ  feveral  cen- 
turies in  performing  one  revolution  in  their  orbits  j 
»d.^>  paft  agK,1,o  esaft  obfemtions  fee  mad* 
of  them,  we  are  totally  in  the  dark  with  i*efpe&  td 
theit  return.  Of  thefe,  then,  corififts  the  folar  fyf* 
tern  y  and,  mbft  probably,  eVery  fixed  ftar  has  one 
fimilar  to  it.* 

x*jtb  September,  1760. 

Herfchel,  for  that  erioch.    It  b&rs  the  fulrtie  of  the  perfon  who 
tiifcovfered  it. 

The  ihean  diftance*  of  the  planets  from  the  fun,  may  be  thup 
refpedfcrvely  exprefTed  :  that  of  Mercury  by  4,  that  of  Veaus  by 
7,  that  of  the  earth  by  16,  that  of  Mars  by  15,  that  of  Jupiter  by 
$2,  that  of  Saturn  by  95,  and,  finally,  that  of  the  planet  Herfchel 
(a)  by  19!— F.  E. 

*  Aftronomers  expect  about  1790  the  comet  observed  iu  1531$ 
and  in  1661 ,  which  they  believe  to  be  the  fame  ftar,  and  the  period 
of  which  appears  to  be  about  130  years.— *F.  E* 

(a)  In  compliment  to  his  patron,  King  George  III.  Mr.  Herfchel  named  his 
recently  difoovered  planet  Georgium  Sidus.  The  republican  Cond&fctt,  in  cou* 
tempt  of  Kings,  give*  it  the  name  of  the  Difcoverer.— •£.  £. 
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LETTER   IX 

The  fame  Subjeft  continued* 

IN  addition  to  what  I  have  (aid  refpe&ng  the  folar 
fyftem,  I  muft  communicate  fome  observations 
for  the  explanation  of  the  figures.  And,  firft,  it 
muft  be  remarked,  that  the  lines  which  mark  the 
paths  in  which  the  planets  move,  have  no  real  exift- 
ence  in  the  heavens,  as  the  whole  immenfity  of  fpace 
in  which  they  move  is  a  vatuum,  or  rather  filled 
with  that  fubtile  matter  which  we  call  the  tther,  and 
which  I  have  already  to  often  mentioned. 

1 

Again,  the  orbits  of  the  placets  are  not  all  in  the 
fame  plane,  as  the  figure  prefents  them :  but  if  the 
orbit  which  the  earth  defcribes  round  the  fun,  is  pro<* 
perly  represented  on  the  paper,  we  muft  imagine  the 
orbits  of  the  five  other  planets  to  be  partly  elevated, 
^nd  partly  depreffed,  with  reference  to  it;  or,  that 
the  orbit  of  each  planet  bears  upon  it  an  oblique  di- 
rection, making  an  interfe&ion  with  the  paper,  under 
a  certain  angle,  which  it  is  impoflible  to  reprefent  in 
a  figure  drawn  upon  a  plane. 

Farther,  the  orbits  of  the  planets  are  not  circles, 
as  the  figure  appears  to  indicate,  but  rather  fome- 
what  oval,  one  more,  another  lefs  fo ;  no  one*  how- 
ever, recedes  veiy  cohfiderably  .from  the  circular 
form.  The  orbit  of  Venus  is  almbft  a  perfeft  circle  j 
but  thofe  of  the  other  planets  aire  more  or  lefs  ex- 
tended 
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tended  lengthwife,  fo  that  thefe  planets  are  fometimes 
nearer  to  the  fun,  fometimes  iarcher  off. 

The  orbits  of  comets  are  particularly  diftinguifh* 
able,  being  greatly  extended  in  length,  as  I  have  re- 
.prefented  it  in  the  figure.  As  to  the  moon,  and  the 
fatellites  of  Jupiter  and  Saturn,  their  orbits,  too,  are 
nearly  circular. 

Neither  muft  we  conceive  them  as  moving  in  one 
and  the  fame  dire&ion,  as  they  appear  on  the  plane 
of  the  paper;  for  they  do  not  remain  in  the  fame 
place,  but  are  themfelves  carried  round  the  fun  along 
with  the  primary  planet  to  which  they  belong*  It 
is  thus  we  muft  imderftand  the  lines  reprefented  in 
the  figure.  Imagination  muft  fupply  what  it  ife  im- 
poflible,  on  a  plane  furface,  accurately  to  exhibit. 

You  are  now  enabled  to  comprehend,  with  eafe, 
what  the  late  Mr.  de  Fontmelle  meant  to  difplay,  in 
his  book  on  the  plurality  of  worlds.  The  earth, 
with  it's  inhabitants,  is  fometimes  denominated  a 
world ;  and  every  planet,  nay,  every  one  of  the  fa- 
tellites, has  an  equal  right  to  the  fame  appellation,  it 
being  highly  probable,  that  each  of  thefe  bodies  is 
inhabited  as  well  as  the  earth. 

There  are  fifteen  worlds,  then,  in  the  folarfyftem 
alone.  And  every  fixed  ftar  being  a  fun,  round 
which  a  certain  number  of  planets  perform  their  re- 
volutions,  and  of  which  fome  have,  Undoubtedly, 
their  fatellites,  we  have  an  almoft  infinite  number  of 
Worlds,  fimilar  to  our  earth,  confidering,  that  the 
number  of  ftars,  perceptible  to  the  unaflifted  eye, 
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exceeds  fame  thoufands,  and  that  the  telefcope  dis- 
covers to  us  an  incomparably  greater  number. 

If  it  is  meant  to  comprehend  under  the  name  of 
world  the  fun,  with  the  planets  and  their  fatellites, 
and  which  derive  heat  and  light  from  him,  we  (hall 
have  as  many  worlds  as  there  are  fixed  ftars.  But  if 
by  the  term  world,  we  underftand  the  earth,  with  all 
the  heavenly  bbdies,  or  all  the  beings  which  were 
treated  at  once,  it  is  clear  that  there  can  be  but  one 
world,  to  which  we  refer  every  thing  that  exifts.  It 
is  in  this  fenfe  the  term  world  is  employed  in  philo- 
fophy,  particularly  in  metaphyfics ;  it  is  in  this  fenfe 
we  fay,  that  there  is  but  one  world,  the  affemblage 
of  all  created  beings,  paft,  as  well  as  prefent,  and  fu- 
ture, whofe  exiftence  is  fubjeft  to  general  laws. 

When,  therefore,  philofophers  difpute,  whether 
our  world  is  the  beft  or  not,  they  proceed  on  the 
fuppofition  of  aplurality  of  worlds ;  and  fome  main- 
tain, that  the  one  which  exifts,  is  the  beft  of  all  thofe 
which  could  have  exifted.  They  confider  the  Deity 
as  an  architect,  who,  intending  to  create  this  world, 
traced  feveral  different  plans,  of  which  he  fele&ed 
the  beft,  or  that  in  which  the  greateft  perfe&ions 
were  all  combined,  in  the  higheft  degree,  and  exe- 
cuted it  in-preference  to  all  the  others. 

But  the  great  quantity  of  evil  that  prevails,  and  is 
diflufed  over  the  furfoce  of  our  globe,  and  which 
flows  from  the  wickednels  of  man,  fuggefts  an  im- 
portant enquiry,  namely,  Whether  it  would  have 
been  poffible  to  create  a  world,  wholly  exempted 
from  thefe  evils  I 

3  In 


In  my  opinion,  a  diftin&on*  muftbc  carefully 
made,  between  the  plans  of  a  xyorld,  Wihk^.ftpuld 
contain  corporeal  fiibftainces;  opiy*  ancj ,  thofe  p£  an* 
other  worlds  which  ihquld  contain  being?  iute^ligeje^ 
and  free.  \gk  the  former  .(cafe,  the  choice  of  the  beft, 
would  be  involved  in  very  little  ^  difficulty ;  but  in 
the  other,  where  beings  intelligent  andfree  cqnftitut? 
the  principal  part  of  the*  world,  the  determination 
of  what  is  beft  is  infinitely  beyond  our  capacity; 
and  even  the  wickedneis  of-  free  agents  may  contri? 
bute  to  the  perfe&ion  of  the  world  in  a  manner 
which  we  are  unable  to  comprehend. 

It  would  appear,  that  philofophers  have  not  been 
fufficiently  attentive  to  this  diftin&ion,  however  e£ 
fential  it  may  be.  But  I  am  too  fenfible  of  my  own 
incapacity,  to  ester  any  deeper ,  into  this  difficult 
queftion. 


•    f 
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Small  Jrregularhies  in  the  Motions  of  the  Planets, 
caufed  by  their  mutual  AttraftibH. 

> 

*  *  * 

TN  order  .to  determine  tfre  motion  of  the  bodies 
*  which  compofe  the  folar  fyftem*  it  is  neceflary  to 
diftinguifli  tl^e  primary  planets,  which  are- Mercury* 
Venus,  the  I^i?th,iM«rs,,  Jupiter,  and  Saturn,  from 
their  fatellites,  namely,  the  moon,  the  fewpj  fcteUites 

* 

of  Jupiter*  and/the  five  of  jSaturn.  .-,     ;:•,..;;•:. 

It 


&^4  i  R1t ECU t ARISES  IN  TftE 

i  It  hits  tera  explained  to  you,  that  theic  fit  planets 
tott  {jrfhcipafly  attrafted  toward  the  fun,  or,  that  the 
force  With  which  the^r  are  impelled  toward  him,  is 
tbcompa^ablf  greater,  thati  the  porters  toirich  they 
exert  one  upon  another*  becaufe  his  mais  is  income 
Jwurably  greater  thatt  that  of  the  planets,  and  becaufe 
they  never  fiifficieritly  approach  to  each  other  to 
tender  their  reciprocal  attra&ioh  very  totofideraWe; 
Wert  thiy  attra&ed  only  toward  the  fen,  their  mo- 
tion would  be  fufficiehtly  regular,  and  eafily  deters 
mined.  But  the  feebler  powers  of  which  I  have 
been  fpeakihg,  occafion  fome  flight  irregularities  in 
their  motion,  which  aftfohomets  are  eager  to  difco- 
ver,  and  which  geometricians  endeavour  to  deters 
mine,  on  the  principles  of  motion. 

An  important  queftion  Is  here  agitated,  namely* 
The  powers  which  a£t  upon  a  body  being  known,  how  td 
Jind  the  motion  of  that  body  ?  Now,  upofc  the  princi- 
pies  above  laid  down,  we  are  acquainted  with  the 
powers*  to  the  influence  of  which  every  planet  is 
fubjefted.  Thus  the  inotion  of  the  earth  is  fome* 
What  affe&ed}  firft,  by  the  attraction  of  Venus, 
Which  fometimes  paffes  vefry  near  k ;  and,  iecondly, 
by  that  of  Jupiter,  which,  on  account  of  the  prodi- 
jgious  mais  of  this  planet,  becomes  cohfiderable, 
though  he  be  always  at  a  great  diftance.  The  mais 
of  Mars  is  too  fmall  to  produce  any  perceptible  effect, 
though  he  id  fometimes  very  hear  us ;  and  Saturn, 
though  his  mais  be  the  greateft,  next  to  that  of  Ju- 
fjitefr)  is  too  diftaht. 

The  moon,  though  her  mafs  be  very  (mall,  pro- 
duces, 
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duces, f  however,  fome  derangement,  from  her  be* 
ing  very  near  the  earth.  The  comet,  which  appear- 
ed laft  yeiar,  was  feven  times  nearer  to  us  than  the 
fun,  when  his  diftdnce  was  finaHeft  ;  there  is  a  great 
degree  of  probability,  therefore,  that  it  may  have 
deranged  the  earth's  motion,  efpeciafly  if  his  mafs 
was  confiderable,  a  circumftance  with  which  we  are 
not  acquainted.  If  this  comet  were  as  great  as  the 
earth,  the  effeft  muft  have  been  very  confiderable  3 
but  it's  apparent  finallnefs  induces  me  to  believe, 
that  it's  mafs  is  much  lefe  than  that  of  the  earth, 
and,  confequently,  it's  efle&  muft  have  been  propor- 
tionally lefs.  When  we  faw  this  comet,  however,  it 
had  got  to  a  great  diftance  ;  at  the  time  when  it  was 
neareft,  it  was  invifiblc  to  us,  but  it  muft  have  ap- 
peared very  brilliant  to  our  antipodes. 

What'  has  been  faid,  refpe&ing  the  derangements 
occafioned  in  the  earth's  motion,  takes  place  like* 
wife  in  the  other  planets,  regard  being  had  to  their 
mafs,  and  to  their  proximity.  As  to  the  moon,  and 
the  other  fecondary  planets,  the  principle  of  their 
motion  is  fomewhat  different. .  The  moon  is  £0  near 
the  earth,  that  the  attraction  flie  feels  from  hence 
greatly  exceeds  that  of  the  fim,  though  the  mafs  of 
this  luminary  be  many  thoufaiids  of  times  greatof 
than  that  of  the  earth.  Hence  it  is,  that  the  motknv 
of  the  moon  follows  that  of  the  earth,  and  that  ike 
remains,  as  it  were,  attached  to  it,  which  makes  the 
moon  to  be  confidered  as  a  fatellite  to  our  planet. 

Had  the  moon  been  placed  much  farther  from  us, 
artd  had  fhe  bettl  attra&edlefs  toward  the  earth  than 

toward 
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toward  the  fun,  jhe.-WQuld  have  become  a  primary 
planet*  and  performed  her  owh  revolutions  round 
the  fun ;  but  fhe  is  300  times  nearer  to  us  than  (he 
is  to  the.  fun ;  hence  it  is  evident,  that  he  muft  ex- 
ercife  a  much  feebler  influence  upon  her  than  the 
tarth  does.  The  moon  being  principally  attra&ed 
by  two  bodies,  the  fun  and  the  earth,  it  is  evident 
that  the  determination  of  her  motion*  muft  be  much 
more -difficult  than  that  of  the  primary  planets,  which 
are  fubje&  to  the  attraction  of  the  fun  only,  except- 
ing the  flight  derangements  which  have  been  men- 
tioned. The  motion  of  the  moon  has,  accordingly, 
in  all  ages,  greatly  embarrafled  philofophers ;  and 
never  have  they  been  able  to  afcertain,  for  any  fu- 
ture given  time,  the  exa&  place  of  the  moon  in  the 
heavens. 

You  perfe&ly  comprehend,  that  in  order  to  pr£- 
di&  an  eclipfe,  whether  of  the  moon  or  of  the  fun* 
we  muft  be  able  accurately  to  afcertain  the  moon's 
place*  Now,  in  calculating  eclipfes,  formerly,  there 
was  frequently  a  miftake  of  an  hour  or  more  :  the 
tclipfe  actually  taking  place  an  hour  earlier  or  later 

than  the  calculation.    Whatever  pains  the  ancient 

.*•■»■ 

aftronomers  took  to  determine  the  moon's  motion* 
.they  were  always  very  wide  of  the  truth*  It  wis 
not  till  the  great  Newton  difcovered  the  real  powers 
which  ad  upon  the  moon,  that  we  began  to  approach 
nearer  and  nearer  to  truth,  after  having  futtnounted 
many  obftacles  which  retarded  our  progrefs. 

I  too  have  employed  much  time  and  attention  on 
the  fubjed ;  and  Mr.,  Meyer,  of  Gottingen,  purfuing 

the 
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the  track'  which  I  "M3  opfcrfed;  has  arrived  it  a  dfe 
gree  of  prefcifion,  beyflhcfwhich  it  is  perhaps  impo£ 
fible  to  go.  Not  much'  more,  then,  thaft  ten  years 
have  elapfed  fince  we  Cfculd  boaft  'of  any  thing  like 
accurate  knowledge  of  the  moon's  motion.  Since 
that  time  we  are  able  to  calculate  eclipfes  fo  exaftiy, 
as  not  to  make  the  miftake  of  a  fingle  minute, 
whereas,  before,  there  was  frequently  the  difference 
of  eight  minutes,  and  more.  To  analyfis,  then,  we 
are  indebted  for  this  important  difcoyery,  thefource 
of  unfpeakable  advantages,  not  to  the  aftronomer 
only,  but  likewife  to  the  geographer,  and  the  pavi? 
gator. 

2,$d  September  9  *76o. 
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J)efcriftiqn  of  the  Flux  and  Reflux  of  the  Sea, 

THE  attraftive  power  of  the  heavenly  bodies  ex* 
tends,  not  only  to  the  mafs  of  the  earth,  but 
to  all  the  parts  of  which  it  is  compofed.  Thus  all 
the  bodies,  which  we  fee  on  the  furface  of  the  earth, 
are  attra&ed,  not  only  toward  the  earth  itfelf,  from 
which  refults  their  gravity,  and  the  weight  of  evdy 
one  in  particular,  but,  likewife,  toward  the  fun,  and 
toward  all  the  other  heavenly  bodies,  and  that  move 
or  lefs,  according  to  the  mafs  of  thefe  bodies  and 
their  diftance. 
Now,  it  is  evident,  that  the  force  with  which  a 

body, 


* 
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fttdy,  fey  *  (tone,  id  atftra&ed  toward  the  earth,  muft 
be  iaCofBptrably  greater.  tha&  that  with  which  the 
Jfeme  body  is  attracted  tfrwtrd  the  fourth*  other 
planet**  and  (he  tooon*  be^tufe.  of  their  great  di£ 
time.  Such  a  bc4y*.  being  #  a  diftance  from  the 
pmtre  of  |he  earth,  equal  to  a  radius  of  this  globe, 
p  6p  times  fort^cr  from  the.rooofi-  -Though,  then* 
the  mafe  of  the  moon  wer*  equal  to  that  of  the 
earth,  thft  attf a&ion  toward  the  moon  would  he  69 
times  6ej  that  is  3600  times  k&  than  the  attra&iop. 
toward  the  earth,  or,  the  gravity  of  the  body*  But* 
the  mafs  of  the  moon  is  abp\it  70  times  lefs  thaqt 
that  of  the  earth ;  hence  the  attra&ive  power  of  the 
moon  becomes  ftill  70  times  3600,  that  is,  252,000 
times  lefs  than  the  gravity  of  the  body. 

Agaip,  thpugh  the  fori  be  many  thoufands  of  times 
greater  than  the  earth,  he  is  about  24,000  times 
more  diftant  from  us,  than  the  cfe^tre  of  tfie  earth  j 
and  for  this  reafon,  the  attraction  of  the  fun  upon  st 
fione  is  extremely  fmall,  compared  tq  it's  gravity. 
Hence  you  fee,  that  the  gravity  of  terreftrial  bodies, 
which  is  nothing  elfe  but  the  force  with  which  they 
are  attracted  toward  the  earth,  cannot  be  perceptibly 
jtffc&ed  by  the  attraction  of  the  heavenly  bodies.- 
'  Though  this  attra&ion,  however,  be  very,  ^nconfi- 
4craMe9  there  refulta  from  it  a  remarkable  phenome- 
aon,;  which  long  puzzled  philofipphers ;  I  mean  the, 
flax  and  the  reflux  of  the  fea.  It  occurs  fb  fre- 
quexxtly,  even  in  common  conyerfation,  that  it  is  aj- 
moft  a  matter  of  neceffity  to  underftand  it.  For  this 
reafon^  Ipropofe tfc> ^xplaid  mor$  minutely,  this  fin- 

gular 


!gtikr  phenoteepop,  and  to  urfpld  .the  caufes  which 
produce  it.  •  "••••-.,,    0  ;. 

. ;  I  begin*  then,  with  the  description  of  the  well- 
known  phenoB^enon,  of  the^a*  apd  rtjkxoi  the  fea. 
Hardly  any  one  is  ignorant,  that  by  far,  the  greateft 
part  of  the  iurface  of  our  globle  is  covered  with  a 
ma&  of  water,  called  the  Sta,  or  the  Ocean.  This 
immenfe  fluid  maft  is  very  different  from  rivers  and 
lakes,  which,  according  tp  the  different  fealbns  of 
the  year,  contain  fometimes  left  water,  fometimes 
more,  whercsp,  in  the  fea,  the  quantity  of  water,  at 
aB  times,  continue?  nearly  the  fame.  It  is,  however, 
pbferved,  that  the  vf*t$t  of  the  fea  rifes  ai>d  falls  al- 
ternately, \yith  wonderful  regularity,  twice  every 
twenty-four  hours* 

If  for  inftance,  in  a  harbour,  the  water  is  now  at 
it's  greateft  height)  it  will  prefently  begin  to  fubfide, 
and  jthif  decreafe  cpntUwes  for  fix  hours,  at  the  epd 
pf  which»  itfs  depth  will  bet  *t  the  loweft.  It  then 
begins  again  to  rife,  and  the  iacreafe,  likewise,  la$s 
fix  hours,  when  it  is  again  at  k's  greateft  depth,  k 
immediately  begins  again  to  fall  for  fix  hours,  and 
then  rtfes  as  gpany,  fo  that  in  the  fpace  of  about  3*t 
hours,  the  water  rifes  and  falls  twice;  and  arrives, 
alternately,  at  it's  greateft  and  leaft  depth* 

It  is  this  alternate  increafe,  and  diminution  of  the 

»   . .  .      . 

water  of  the  fea,  which  we  call  it'sjlux  and  reflux,  or 
it's  flowing  and  ebbing : .  and  more  particularly,  the 
flux  denotes  the  time,  during  which  it  encreafes  or 
rifes,  and  the  reflux,  the  time  of  it's  decreafe  or  fall* 
ing.    The  flux  and  reflux  together,  likewife,  go  by 

the 
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%he  name  tS  tide.  I  TWs  alternation,  then,'  is  to  be 
the  fubjed  of  our  prefent  difquifition.     "  •  J? 

It  is,'  fifrfc  «F  all,  tb»  be  remarked*  tkatthe  difFe- 
fence  betMteen  rifing  arid  felling,  keepi-pati  #ith  the 
variation^ *  3f  thg  inoon.  At  full,  aftd  ii«*w  ;m66ri, 
the  water  rifes  higher  thin-  at  tKe-^xftfrters :  4n(i 
^bout  the- time :  of  the^  vfcWiaV- and  cKrfumnal  equi- 
noxes,  in'  the  month*1  etf  ,WBrfch  arid  iStepteiAber;  thfe 
alternate  motion  of  the<feais  riifaft fonfiderablei  -''A 
great  ^Bfferenccis,  likewffe,-6l^rv^:*t:cording1:6 
the  fitultionvof  ttiecbafts.-  The  ftex^^H^bme  place*, 
Is  never  irtore  thin  a*  few  feet*  frhil#,*in  othefs,  the 
rife  is  40  feet  and  upwards/  8ii£h-a*ethe  tides  in 
the  ports  erf  St.  Mati>  in  France^  %rf&  of  >Br\ftoly  in 
England,  ^  -  r      ;"  :  <* 

It  is  farther  to  be  remarked*  that^his^phenomehon 

•  b  perceptible,  chiefly,  in  the  ocean,  where  there  is-  fe 

Vaft*  extent  of  watery  and  that  *in  feas  bounded  'and 

'Confined,  fuch  as  the  Baltic,  «r>d  the'  Mediterranean* 

4t  is  much  lefs  eohfidefaWe,  "The  ihtervslly  from  the 

•*Eux  to  the  fucceeding  reflux,  is  not  e!xa6Hy  fix  hours, 

but  about  1 1  minutes  mere;  fothat  the  fame  changes 

do  not  take  place,  the  day  after,  at  the  fame  hour, 

tout  fall  out  about  three  quarters  of  an  hour  later  ; 

fo  that  a  revolution  of  30  days  is  requifite,  to  bring 

them  round  to  the  fame  hour  \  now,  this  is  precifely 

the  period  of  one  revolutidn  of  the  moon,  or  the 

'interval,  -between  one  new  pioon,  and  that  which 

immediately  follows. 

26th  September,  1 760. 
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different  Opinions  of  Philofophers  refpefting  the  Flux 

and  Reflux  of  the  Seas  • 

T  X  THEN  the  water  of  the  fea  rifes  at  any  place,  we 
.  are  not  to  imagine  that  it  fwells  from  any  in- 
ternal caufe,  as  milk  does  when  put  in  a  veffel  upon 
the -fire.  The  elevation  of  the  fea  is  produced  by  a 
real  increafe  of  water  flowing  hither  from  fome  other 
place.  It  is  a  real  current  which  is  very  perceptible 
at  fea,  conveying  the  waters  toward  the  place  where 
the  flux  is. 

In  order  to  have  a  clearer  qomprehenfion  of  this, 
you  muft  conlider  that  in  the  vaft  extent  of  the  ocean 
there  are  always  places  where  the  water  is  low,  while 
it  is  high  at  others ;  and  that  it  is  conveyed  from 
the  former  to  the  latter.  When  the  water  rifes  at 
any  place,  there  is  always  a  current,  conveying  it 
from  other  places,  where  it  is  of  courfe  at  that  time 
low.  It  is  an  error,  therefore,  to  imagine,  with  fome 
authors,  that  during  the  flux  of  the  fea  the  total  mafs 
of  water  becomes  greater,  and  that  it  diminifhes  dur- 
ing the  reflux.  The  entire  mafs  or  bulk  of  water  re- 
gains ever  the  fame ;  but  it  is  fubjecfc  to  a  perpetual 
ofcillation,  by  which  the  water  is  alternately  tranC- 
ported  from  certain  regions  to  others  ;  and  when  the 
water  is  high  at  any  place,  it  is  of  courfe  low  fome- 
where  elfe,  fo  that  the  increafe  at  places  where  it  is. 

Vol.  I.  R  high 
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high  is  precifely  equal  to  the  decreafe  at  thofe  where 
it  is  low. 

Such  are  the  phenomena  of  the  flux  and  reflux  of 
the  fea,  the  caufe  of  which  ancient  philofophers  endea- 
voured to  difcover,  but  in  vain.  Kepler,  in  other 
refpe&s  a  great  aftronomer,  and  the  ornament  of 
Germany,  believed  that  the  earth,  as  well  as  all  the 
heavenly  bodies,  was  a  real  living  animal,  and  con- 
fidered  the  flux  and  reflux  of  the  fca  as  the  effeft  of 
it's  refpiration.  According  to  this  philofopher,  men 
and  beafts  were  juft  like  infe&s  feeding  on  the  back 
Of  the  huge  animal.  You  will  hardly  expe&  I  fhould 
go  into  the  refutation  of  an  opinion  fo  ridiculous. 

Defcartes,  that  great  French  philofopher,  endea- 
voured to  introduce  a  more  rational  philofophy; 
and  remarked,  that  the  flux  and  reflux  of  the  fea 
was  principally  regulated  by  the  moon's  motion ; 
which  was  indeed  a  very  important  difcovery,  though 
the  ancients  had  already  fufpe&ed  a  connection  be- 
tween thefe  two  phenomena.  For  if  high  water  or 
the  top  of  the  flux  happen  to-day  at  noon,  it  wall  be 
low  water  at  1 1  minutes  after  fix  in  the  evening :  it 
will  rife  till  22  minutes  after  midnight ;  and  the 
next  low  water  will  be  33  minutes  after  fix  in  the 
morning  of  the  day  after ;  and  the  enfuing  high 
water,  or  flux,  will  be  three  quarters  of  an  hour 
after  noon :  fo  that  from  one  day  to  another  the 
fame  tides  are  later  by  three  quarters  of  an  hour. 

And  as  the  fame  thing  precifely  takes  place  in  the 
moon's  motion,  which  rifes  always  three  quarters  of 

an 
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an  hour  later  than  the  preceding  day,  it  was  pre- 
fumable  that  the  tides  followed  the  courfe  of  the 
moon.  If  at  any  given  place,  for  example,  on  the 
day  of  new  moon,  high  water  happen  to  be  at  three 
of  the  clock,  afternoon,  you  could  reft  affured,  that 
ever  after,  on  the  firft  day  of  the  moon,  the  flit* 
would  invariably  be  at  the  height  at  three  o'clock  af- 
ternoon, and  that  every  following  day  it  would  fall 
later  by  three  quarters  of  an  hour. 

Again,  not  only  the  time  when  every  flux  and 
reflux  happen  exa&ly  follows  the  moon,  but  the 
ftrength  of  the  tides,  which  is  variable,  appears  frill 
to  depend  on  the  pofition  of  the  moon.  They  are 
every  where  ftronger  after  the  new  and  full  moon, 
that  is,  at  thefe  periods  the  elevation  of  the  water  is 
greater  than  at  other  times ;  and  after  the  firft  and 
laft  quarters,  the  elevation  of  the  water,  during  the 
flux,  is  finaller.  This  wonderful  harmony  between 
the  tides,  and  the  motion  of  the  moon,  was,  un- 
doubtedly, fufficient  ground  to  conclude,  that  the 
chief  caufe  of  the  flux  and  reflux  of  the  fea  was  to 
be  fought  ft>r  in  the  a&ion  of  the  moon. 

Defcartes  accordingly  believed,  that  the  moon,  in 
palling  over  us,  preffed-  the  atmofphere,  or  the  air 
which  furrounds  the  earth,  and  that  the  air  preffing 
on  the  water,  in  it's  turn,  forced  it  to  fubfide.  Had 
this  been  the  cafe,  the  water  muft  have  been  depref- 
fed  at  the  places  over  which  the  moon  was,  and  that 
the  feme  effed  fhould  be  produced  12  hours  after, 
in  the  enfuing  tide ;  which,  however,  does  not  hap- 
pen. Befides  the  moon  is  too  diftant  from  the  earth, 
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and  the  at mofphere  too  low  to  be  impreffed  by  the 
moon  ;  and  admitting  that  the  moon,  or  any  other 
great  body,  were  to  pafs  along  the  atmofphere,  it 
would  be  very  far  from  undergoing  any  preffure 
from  it,  and  ftiH  lefs  would  the  fea  feel  this  pretended 
preffure. 

This  attempt  of  Defcartes  to  explain  the  flux  arrd 
reflux  of  the  fea,  has  therefore  failed ;  but  the  con- 
nection of  this  phenomenon  with  the  moon's  mo- 
tion, which  this  philofopher  has  fo  clearly  unfolded, 
enabled  his  fucceffors  to  employ  the  application  of 
their  refearches  with  more  fuccefs.  This  {hall  be  the 
fubjeft  of  fome  following  letters. 

$Otb  September,  1760. 
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LETTER   LXIV. 

-Explanation  of  the  Flux  and  Reflux,  from  the  attractive 

Power  of  the  Moon. 

TPvESCARTES's  method  of  explaining  the  flux 
-■^  and  reflux  of  the  fea,  by  the  preffure  of  the 
moon  upon  our  atmofphere,  not  having  fucceeded, 
it  was  reafonable  to  look  for  the  caufe  of  it  in  the 
attra&ion  which  the  moon  exercifes  upon  the  earth, 
and  confequently  alfo  upon  the  fea. 

The  attraftive  power  of  the  heavenly  bodies  hav- 
ing been  already  fufficiently  eftabliflied,  by  fo  many 
other  phenomena,  as  I  have  fhewn,  it  could  not  be 
doubted  that  the  flux  and  reflux  of  the  fea  muft  be 
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an  effeft  of  it.  As  foon  as  it  is  demonftrated  that 
the  moon,  as  well  as  the  other  heavenly  bodies,  is 
endowed  with  the  property  of  attracting  all  bodies* 
in  the  direft  ratio  of  their  mafs,  and  in  the  inverfe 
ratio  of  the  fquare  of  their  diftance,  it  is  eafiiy  com- 
prehended that  it's  aftion  muft  extend  to  the  fea ; 
and  the  more  fo,  as  you  muft  frequently  have  ob- 
ferved,  that  the  fmalleft  force  is  capable  of  agitating 
a  fluid.  All  that  remains,  therefore^  is  to  enquire, 
whether  the  attractive  power  of  the  moon,  fuch  as 
we  fuppofe  it,  is  capable  of  producing  in  the  fea  the 
agitation  known  to  us  by  the  name  of  flux  and  re* 
flux. 

'  Let  the  annexed  figure  (plate  HI.  fig.  5.)  reprefent 
the  earth  and  the  mgon.  A  is  the  place  where  we 
fee  the  moon  over  the  earth ;  B  that  which  is  di- 
rectly oppofite,  or  the  antipodes  of  A ;  and  C  is  the 
centre  of  the  earth.  As  the  point  A  is  nearer  the 
moon  than  the  point  B,.a  body  at  A  is  more  power* 
fully  attracted  toward  the.  moon  than  a  fimilar  body 
at  B.  And  if  we  fuppofe  a  third  fimilar  body  tp  be 
placed  at  the  centre  of  the  earth  C,  it  is  evident  that 
the  body  A  will  be  more  powerfully  attracted  toward 
the  moon  than  the  body  C,  and  this  laft  than  the 
body  B,  becaufe  the  body  A  is  nearer  to  the  moon, 
and  the  body  B  more  remote  than  the  body  C.  But 
fimilar  bodies  placed  at  E  and  F,  are  almoft  as  much 
attrafted  by  the  moon  as  that  which  is  at  the  centre 
of  the  earth  C,  as  they  are  all  three  nearly  equi-dif- 
tant  from  the  moon; .  •  ■     \ 

Hence  we  fee.  that  bodies  j#aeediwi.  the  furfage  <& 
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the  earth  are  not  all  equally  attra&ed  toward  the 
ihoon.  This  inequality  of  attraction  depends  on  the 
inequality  of  their  diftance  from  the  centre  of  the 
moon  L,  fo  that  a  body  is  fo  much  the  more  power- 
fully attraded  by  the  moon,  as  it's  diftance  is  lefs ; 
fend  the  contrary  takes  place  according  as  the  dif- 
tance is  greater. 

To  thefe  differences  in  the  action  of  the  moon  on 
bodies  differently  fituated,  we  muft  here  chiefly  pay 
attention ;  for  if  all  bodies  were  equally  attra&ed 
toward  the  moon,  they  would  equally  obey  this 
power,  and  no  derangement  could  take  place  in  their 
mutual  fituation. 

Yoli  can  fcafily  form  the  idea  of  feveral  carriages 
drawn  atottg  by  powers  perfeCUy  equal ;  they  will 
proceed  ott  the  road,  always  preferring  the  fame  or* 
#er,  and  the  feme  diftances ;  but  as  foon  as  fome  of 
them  advance  more  brifkly,  and  others  more  flowly, 
the  order  will  be  deranged.    The  feme  thing  takes 
place  in  the  cafe  of  the  different  bodies  which  are  at- 
fcfa&ed  by  the  moon ;  if  they  all  felt,  in  the  feme 
degree,  the  a&ion  of  that  luminary,  they  would  pre- 
serve the  feme  relative  fituation,  and  we  fhould  per- 
ceive no  change  in  them :  but  as  foon  as  the  force 
wkh  which  they  are  attra&ed  toward  the  moon  va- 
ries as  to  each  of  them,  their  order  and  their  relative 
fituation  neeeffarily  change,  unlefs  they  are  attached 
to  'each  other  by  bands  which  that  power  is  unable 
to  btirft  afunder. 

But  this  is  not  the  cafe  with  the  fea,  as  aH  the  par- 
tktefc  <rf  a  fluid  are  ^%fepaorated  from  each  other, 
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and  every  one  may  obey  the  impreffions  which  it  re- 
ceives. It  is  evident,  then,  that  when  the  powers 
which  aft  on  the  different  parts  of  the  fea,  are  not 
equal  to  one  another,  an  agitation,  or  derangement, 
muft  be  the  confequence. 

We  have  juft  feen  that  the  different  parts  of  the 
fea  are  attracted  unequally  by  the  moon,  according 
as  they  are  unequally  diftant  from  her  centre ;  the 
fea  muft,  therefore,  be  agitated  by  the  force  of  the 
moon,  which,  continually  changing  her  fituation, 
with  relpecl  to  the  earth,  and  performing  a  revolu* 
tion  round  it  in  about  twenty-four  hours  and  three 
quarters,  makes  the  fea  undergo  the  fame  changes, 
and  prefents  the  fame  phenomena  in  the  fame  period 
of  twenty-four  houp  and  three  quarters ;  the  flux 
and  reflux  tnuft,  therefore,  be  retarded  from  one  day 
to  another  three  quarters  of  an  hour,  which  is  con- 
firmed by  conftant  experience. 

It  now  remains  that  we  fhew,  How  the  alternate 
elevation  and  depreffion  of  the  fea,  which  fucceed 
each  other  after  an  interval  of  fix  hours  and  eleven 
minutes,  refult  from  the  inequality  of  the  powers  o£ 

the  moon.  This  I  propofe  to  examine  in  my  next 
letter. 

tyb  Oftf&er,  1760; 
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LETTER  LXV. 

The  fame  Subjcft  continued. 

YOU  have  feen  that  the  moon  caufes  no  altera* 
tion  in  the  ftate  of  the  earth,  but  in  fo  far  as 
fhe  acts  unequally  on  it's  different  parts.  The  reafon 
of  it  is,  that  if  all  it's  parts  equally  felt  the  fame  ac- 
tion, they  would  be  equally  attracted,  and  no  change 
in  their  relative  fituation  would  refult  from  it. 

But  a  body  being  at  A  (plate  III.  Jig.  5.)  nearer 
the  moon  than  the  centre  of  the  earth  C,  is  more 
powerfully  attra&ed  to  it  than  a  body  at  C  would 
ie :  it  will  approach-it,  then,  with  greater  velocity 
than  this  laft:  from  hence  it  neceffarily  follows, 
that  the  body  A  retires  from  the  centre  C,  and  ap- 
proaches the  moon :  as  if  there  were  two  chariots, 
the  one  at  ,A,  the  other  at  C,  and  if  the  chariot  A 
were  drawn  toward  L  with  greater  force  than  the 
chariot  C,  it  would  remove  from  C.  It  is  thus  that 
the  power  of  the  moon  has  a  tendency  to  withdraw 
the  point  A  from  the  centre  C. 

Now  to  remove  a  body  from  the  centre  of  the 
earthx  is  to  raife  it :  and  the  water  at  A  being  now 
the  thing  in  qucfrion,  it  is  certain  that  the  force  of 
the  moon  tends  to  raife  the  water  which  is  at  A,  by 
a  power  equal  to  the  excefs  of  the  attraction  toward 
the  moon  felt  at  A,  above  that  felt  at  C.  By  this 
power,  then,  the  moon  raifes  the  waters  of  the  earth 
which  are  immediately  under  her. 

Let 
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Let  us  now,  likewife,  attend  to  a  body  at  B,  di- 
reftly  oppofite  to  the  point  A ;  the  centre  of  the 
earth  C,  more  powerfully  att rafted  by  the  moon 
than  the  point  B,  will  approach  nearer  to  it,  and 
this  laft,  fo  to  fpeak,  will  remain  behind,  juft  as  a 
chariot,  which  was  drawn  more  flowly  than  that 
which  precedes  it.  The  point  B  will  confequently 
remove  from  the  centre  C,  and  rife ;  for  to  remove 
from  the  centre  of  the  earth,  and  to  rife,  is  one  and 
the  fame  thing. 

♦  It  is  evident,  therefore,  that  the  power  of  the 
moon  tends  to  raife  the  waters,  not  only  at  A,  but 
likewife  at  B,  the  point  diametrically  oppofite,  and 
jthat  by  a  force  equal  to  the  difference  of  the  attrac- 
tion of  the  moon  at  B  and  at  C,  which  is  lefs  at  B 
th&n  at  C.  Now,  thofe  who  are  at  A,  have  the  moon 
directly  above  them,  or  in  their  zenith  ;  and  thofe  % 
who  are  at  B  fee  nothing  of  the  moon,  becaufe  flie 
%  is  then  in  a  point  of  the  heavens  diametrically  oppo- 
fite to  their  zenith,  called  Nadir. 

Hence  it. appears,  that  at  whatever  part  of  the  fea 
it  may  be,  the  water  muft  rife  equally  when  thq  moon 
is  in  the  zenith  of  that  place,  and  in  it's  nadir,  or, 
when  the  moon  is  at  it's  greateft  elevation  above  the 
horizon,  or  at  it's  greateft  deprefiion  under  it.  At 
the  intermediate  peridds,  when  the  moon'is  in  the 
horizon,  either  riling*  or  fetting,  flie  exercifes  no 
power  capable  of  railing  the  fea ;  a  fmall  contrary 
power  tends  even  to  make  it  fall. 

According  to  this  fyftem,  at  the  place  of  the  fea, 
•\yhere  the  moon  is  in  the  zenith,  it's  power  has  a 

tendency 
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tendency  to  raife  the  waters ;  about  fix  hours  after, 
when  fhe  has  reached  the  horizon,  her  power  has  a 
tendency  to  make  them  fall.  Twelve  hours  and 
twenty-two  minutes  after,  the  moon  being  then  at 
the  point  moft  diftant,  under  the  horizon,  fhe  exer- 
cifes  the  fame  power  to  raife  the  water ;  and  at  the 
end  of  eighteen  hours,  thirty-three  minutes,  when 
fhe  has  got  to  the  oppofi,te  horizon,  the  waters  arc 
fallen :  till  at  length,  twenty-four  hours  and  forty- 
five  minutes  from  the  firft  period,  fhe  returns  to  the 
zenith,  raifing  the  water  as  on  the  preceding  day : 
and  this  is  confirmed  by  uniform  experience. 

This  alternate  elevation  and  depreffion  of  the  fea* 
at  intervals  of  fix  hours  and  eleven  minutes,  having 
fuch  a  perfeft  conformity  with  the  moon,  leaves  us 
no  room  to  doubt  that  the  flux  and  reflux  of  the  fea 
arc  caufed  by  the  attra&ive  power  of  the  .moon. 

It  is  a  remarkable  circumftance  that  fhe  acts  equally 
on  the  fea,  in  raifing  it,  whether  fhe  is  at  her  greateft 
height  above  the  horizon,  or  at  the  moft  diftant 
point  %under  it.  This  appeared  at  firft  very  ftrange 
to  philofophers,  who  imagined  that  the  moon  muft 
produce,  under  the  horizon,  an  effect  contrary  to 
that  which  fhe  produces  when  in  the  zenith.  But 
you  fee  clearly  that  the  moon  produces  the  fame  ef- 
fect in  thefe  two  diametrically  oppofite  pofitions,  as 
I  have  demonftrated  in  the  figure  above  referred  to, 
that  the  effedt  of  the  moon  ;s  the  fame  at  A  and  at  B. 

pb  Oftober?  1760. 
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LETTER  LXVI. 

The  fame  Subjeft  continued. 

FROM  what  has  been  faid  refpe&ing  the  flux  and 
reflux  of  the  fea,  you  muft  be  fenfible  that  the 
fyftem  of  Newton,  which  I  have  adopted,  is  direfliy 
contrary  to  that  of  Defcartes.  According  to  this  laft, 
the  moon  exercifes  a  preffure,  and  the  fea  muft  fub- 
fide  at  places  fituated  dire&ly  under  her ;  but,  ac- 
cording to  Newton,  flie  a&s  by  attra&ion,  and  forces 
the  water  to  rife  at  thefe  very  places. 

Experience,  then,  muft  determine  which  of  thefe 
two  fyftems  is  to  be  received.  No  more  is  neceffary 
than  to  confuk  the  obfervatiohs  made  with  relpe& 
to  the  ocean,  in  order  to  fee  whether  the  water  rifes 
or  falls  when  the  moon  is  in  the  zenith.  Recourfe 
has  actually  been  had  to  this ;  but  it  is  found  that 
when  the  moon  is  at  either  the  zenith,  or  nadir,  of 
a  given  place,  the  water  there  is  neither  high  nor 
low ;  and  that  high  water  does  not  take  place  till 
fome  hours  after  the  moon  has  paffed  the  zenith. 

From  this  circumftance,  perfons  who  examine 
things  fuperficially,  concluded  at  once,  that  neither 
of  the  fyftems  was  admiffible;  and  the  Cartefians 
have  taken  advantage  from  it,  prefuming,  that  if 
Newton's  was  rejefted,  that  of  Defcartes  muft  necet 
farily  be  adopted,  though  the  obfervations  referred 
to  are  as  contrary  to  the  fyftem  of  Defcartes  as  they 
appear  to  be  to  that  of  Newton* 
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But  the  fyftem  of  Defcartes  is  overturned  by  this 
fingle  phenomenon,  that  the  fea  is  always  in  the  fame 
ftate  after  a  period  of  twelve  hours  and  twenty-two 
minutes,  or  that  it's  ftate  is  always  the  fame,  whe- 
ther the  moon  be  above  or  below  the  horizon ;  and 
it  is  impoflible  for  it's  fupporters  to  fhew  how  th6 
moon,  ,being  over  the  heads  of  our  antipodes,  can 
produce  the  fame  effect  as  when  fhe  is  over  ours. 
To  this  purpofe,  kt  plate  III*  Jig*  6. 

Experience  proves  that  the  ftatev  of  the  water  at 
A  is  the  fame,  whether  the  moon  be  at  M,  the  ze- 
nith  of  the  point  A,  or  at  N,  it's  nadir,  which  is 
confequently  the  zenith  of  the  antipodes  at  B.  The 
effeft,  of  the  moon,  then,  on  the  water  at  A,  is  the 
lame  in  both  cafes.  But  if  the  moon  a&ed  by  pref- 
fure,  according  to  Defcartes,  it  would  follow,  that 
when  the  moon  is  at  M,  the  water  at  A  muft  fall ; 
and  if  fhe  were  at  N,  it  is  impoflible  that  the  water 
at  A  fhould  undergo  the  fame  preffure. 

In  the  fyftem  of  attradion,  on  the  contrary,  it  is 
incpnteftably  certain,  that  the  action  of  the  moon 
muft  be  nearly  the  fame,  whether  that  luminary  be 
at  M  or  at  N  j  and  this  is  demonftrated  by  actual  ob- 
fervation. , 

I  muft  here  repeat  a  preceding  explanation,  becaufe 
it  is  a  matter  of  the  utmoft  importance.  "When  the 
moon  is  at  M,  the  point  A  is  nearer  it  than  the 
centre  C  ;  it  is,  therefore,  more  powerfully  attracted 
than  the  centre ;  the  point  A  will  remove  from  the 
centre,  confequently  it  will  then  rife:  the  moon 
being  at  M,  has  a  tendency  to  raife  the  water  ,at  A* 

Let 
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Let  us  now  fee  what  effect  the  moon,  being  at  N, 
will  produce,  where  fhe  arrives  in  twelve  hours  and 
twenty-two  minutes  after  flie  was  at  M.  As  the 
point  A  is  more  diftant  from  the  moon  at  N  than 
the  centre  C,  it  will  be  more  feebly  attracted ;  the 
centre  C  will  advance  with  greater  velocity  toward 
N,  than  the  point  A ;  the  diftance  A  C  will  accord- 
ingly become  greater ;  the  point  A  will,  therefore, 
be  more  diftant  from  the  centre  C.  But  to  be  more 
diftant  from  the  centre  of  the  earth  is  to  rife,  confe- 
quently  the  moon  being  at  N,  makes  the  point  A  to 
afcend,  that  is,  fhe  has  a  tendency  to  raife  the  water 
at  A,  as  if  the  moon  were  at  M. 

But  here  experience  prefentis  a  very  formidable  ob- 
jection ;  for  it  is  obferved,  that  the  moon  being  at 
M,  or  at  N,  the  water  is  not  then  at  it's  greateft  ele- 
vation at  A.  This  does  not  take  place  till  a  confider- 
able  time~  after,  and  thence  fome  have  been  induced 
to  rejeft  this  explanation  altogether.  But  you  will 
eafily  fee  that  their  decifion  is  extremely  precipitate. 

I  have  not  £aid,  that  when  the  moon  is  at  M  or  N, 
the  water  at  A  is  at  it's  greateft  height ;  I  have  only 
faid,  that  the  power  of  the  moon  has  then  a  tendency 
to  make  the  water  rife.  But  the  water  at  A  could 
not  rife,  unlefs  it's  quantity  were  increafed ;  §  and  that 
increafe  can  be  produced  only  by  the  flowing  of  the 
water  from  other  parts,  fome  of  them  very  diftant. 
A  confiderable  time,  therefore,  is  requifite  to  the  ac- 
cumulation  of  a  fufficient  quantity  of  water ;  it  is, 
then,  very  natural  to  fuppofe,  that  high  water  at  A 
fliould  not  take  place  for  fome  time  after  the  moon 

has 
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has  pafled  M  or  N.  This  obfervation,  therefore,  15 
fo  far  from  overturning ,  our  fyftem,  that  it  tends 
ftrongly  to  confirm  it. 

There  is  no  room  to  doubt  that  the  power  which 
has  a  tendency  to  raife  the  fea,  muft  precede  it*& 
greateft  elevation,  nay,  that  a  confiderable  time  muft 
intervene,  as  the  water  muft  flow  thither  from  places 
very  remote,  that  is,  from  places  where  the  water 
muft  be  low,  while  it  is  high  at  A.  If  the  water  ha$ 
to  pais  through  ftraights,  or  has  it's  current  other-* 
wife  obftru&ed,  high  water  will  be  ftill  more  jretarcU 
cd  ;*  and  if,  in  the  ocean,  it  is  high  water  at  A,  two 
hours  after  the  moon  has  pafled  M  or  N,  it  will  not 
be  at  the  height,  in  narrow  and  bounded  feas,  for 
three  hours  or  more :  and  this  perfectly  agrees  with 
daily  obfervation. 

I  ith  Oftober,  1 760. 

*  It  may  be  proper,  in  this  place,1  to  give  a  popular  view  of  fo 
interefting  a  fubject  as  that  of  tides.  Suppofe,  therefore  a  ciftern 
of  water  communicates  with  another,  alfo  of  water,  and  in  the 
fame  ftate ;  the  furface  of  both  will  conftantly  preferve,  or  endea- 
vour to  preferve,  the  fame  level.  But  if  one  of  the  citterns  were 
filled  with  oil,*or  any  fuch  light  fluid,  the  furface  would  evidently 
rife  above  the  level,of  the  other ;  and  the  more  fo,  the  greater  was; 
the  depth  of  the  oil.  The  fame  confequence  would  follow,  if,  by 
any  caufe,  the  fpecific  gravity  of  the  water  in  one  of  the  ciflerns 
was  dirainifhed.  And  this  is  actually  the  effect  which  the  moon, 
and  fun  produce  on  the  waters  of  the  ocean ;  thofe  particles  neareft 
thefe  luminaries  are  more  attracted  by  them  than  the  particles  at 
the 'centre,  or  at  the  extremities  of  the  tranfvcrfe  diameter,  which 
are  more  attracted  than  the  particles  on  the  farthefl  fide;  an£ 
therefore,  in  both  cafes,  the  tendency  to  the  centre  is  diminifhed. 
Hence  a  protuberance  will  be  formed  on  the  nearer  and  farther 

fides 
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The  fame  Subjefl  continued, 

IT  is  no  longer,  then,  a  matter  of  doubt,  that  the 
flux  and  reflux  of  the  fea  is  caufed  by  the  attrac- 
tive power  of  the  moon.  But  there  remains  one 
difficulty  more  to  be  removed :  Why  is  the  motion 
of  the  fea  much  more  confiderable  at  the  time  of 
new  and  full  moon  than  at  the  other  quarters  ?  If 
the  moon  were  nearer  the  earth  when  flie  is  new,  or 
full,  than  when  flie  is  in  her  quarters,  there  would 
be  no  difficulty  in  the  queftion,  as  her  proximity 
would  increafe  her  power.  But  though  the  moon 
approaches  the  earth  fometimes  more,  fometimes  lefs, 

fides  of  the  globe,  proportional  to  the  depth  of  the  ocean.  But 
this  general  fwell  is  never  fuffered  to  attain  it's  juft  elevation ;  for 
the  necefTary  motions  are  not  fupported  a  fufficient  length  of  time, 
and  the  impreffions  foon  give  a  contrary  tendency.  The  flow  of 
the  waters  is  moft  obftru&ed  in  narrow  feas,  which  are  remote 
from  the  great  ocean.  Hence  the  latenefs  and  irregularity  of  the 
ticks' in  fuch  leas.  When  a  lar^re  river,  or  an  arm  of  a  fea.  fre- 
quently  contracts  and  widens,  it  often  happens  that  the  tide,  in 
pufliing  up,  occafions  a  great  fwell  in  the  harrows,  which  produces 
a  flrong  current,  that  continuing,  after  it's  caufe  has  ceafed  to 
operate,  reduces  the  water  below  it's  proper  level,  till  a  quantity 
is  again  accumulated,  and  repeats  the  fame  effects ;  and  thus  an 
ebb  and  flow  may  happen  feveral  times  in  the  courfe  of  a  day. 
This  is  particularly  remarked  in  the  river  St.  Lawrence,  in  North 
America. 

A  large  lake  cannot  have  any  feniible  tides,  for  every  portion  of 
it's  waters  is  almoft  equally  attracted  by  the  fun  or  moon. 

the 


2$6  FLUX  AND  REFLUX 

the  difference  is  always  too  fmall  to  occafion  a  change 
fo  confidcrable  in  the  flux  and  reflux  of  the  fea. 

Befidcs,  this  difference  is  not  regulated  by  the  new 
and  full  moon ;  and  it  may  happen,  that  the  moon, 
in  the  intermediate  quarters,  fhould  be  nearer  to  us 
than  when  fhe  is  new  or  full.  We  muft  have  re- 
courfe,  therefore,  to  another  caufe  capable  of  increat 
ing  the  flux  and  reflux  of  the  fea  at  the  new  and 
full  moon,  and  of  diminifhing  it  at  the  intermediate 
quarters. 

The  fyftem  of  attraction  fhews  us,  at  firft,  that  it 
is  tte  action  of  the  fun  which,  joined  to  that  of  the 
moon,  furnifties  a  complete  folution  of  all  the  phe- 
nomena prefented  to  us  by  the  flux  and  reflux  of 
the  fea.  Indeed,  all  that  I  hive  faid  refpe&ing  the 
power  which  the  moon  exercifes  on  the  fea,  is  equally 
applicable  to  the  fun,  whofe  attractive  power  afts 
likewife  unequally  on  all  the  parts  of  the  earth,  ac- 
cording as  they  are  more  or  lefs  remote  from  him. 
The  attraction  of  the  fun  is  even  much  more  intenfe 
than  that  of  the  moon*  as  it  chiefly  regulates  the 
motion  of  the  earth,  and  carries  it  round  it's  orbit. 

As  to  the  motion  which  he  communicates  to  the 
fea,  it  depends  on  the  inequality  of  that  a&ion,  with 
relation  to  the  different  points  of  the  furface  of  the 
earth,  which  are  more  or  lefs  attradted  toward  the 
fun  than  it's  centre,  as  I  have  already  fliewed'  you, 
in  explaining  the  effect  of  the  moon.  If  all  the  parts 
of  the  earth  were  attracted  equally,  no  change  in 
their  mutual  fituation  would  take  place.  But  though 
the  power  of  the  fun  be  much  greater  than  that  of 
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the  tnooil,  the  inequality,  with  relation  to  different 
parts  of  the  earth  is,  neverthelefe,  fmaller,  on  account 
of  the  great  diftance  of  the  fun,  which  is  300  times 
farther  from  us  than  the  moon.  The  difference  of 
the  power  with  which  the  centre  of  the  earth,  and 
the  points  of  it's  furface,  are  attra&ed  toward  the 
furi,  is,  therefore,  very  finall ;  and  from  calculations 
a&ually  made,  it  is  found  to  be  three  times  lefs, 
nearly,  than  that  of  the  ftioon  upon  thefe  points. 
The  attraftive  power  of  the  fun  alone,  then,  would 
likewife  be  capable  of  caufing  the  flux  and  reflux  of 
the  fea ;  but  it  would  be  about  three  times  lefs  than 
that  which  is  the  effeft  of  the  combined  influence  of 
thefe  two  luminaries. 

It  is  evident,  then,  that  the  flux  and  reflux  of  the 
fea  are  produced  by  the  power  of  both  the  fun  and 
the  moon,  or  that  there  are  really  two  tides,  occa* 
fioned,  the  one  by  the  moon,  the  other  by  the  fun, 
and  called  the  lunar  tide  and  ihtfolar  tide.  That  of 
the  moon,  nearly  three  times  greater,  follows  it's 
motion,  and  from  one  day  to  another  is  retarded 
three  quarters  of  an  hour :  that  which  follows  the 
a&iori  of  the  fun,  would  conftantly  correfpond  to  the 
fame  hours  of  the  day,  if  it  exifted  alone,  or  if  there 
were  no  moon.  Thefe  two  tides,  the  lunar  and  the 
folar  together,  product  the  flux  and  reflux  of  the 
fea  5  but  as  the  one  and  the  other,  feparately,  make 
the  ^waters  of  the  fea  alternately  to  rife  and  fall,  when 
it  happens  that  thefe  tWQ  caufes,  conjointly,  make 
the  fea  rtfe  and  fall*  it's  flux  and  reflux  become  much 
more  confiderable ;  but  when  the  one  tends  to  raife 
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the  fea,  and  the  other  to  lower  it,  at  the  lame  place, 
when  they  aft  in  contrary  directions,  the  one  will 
then  be  diminifhed  by  the  other,  and  the  lunar  tide 
will  be  weakened  by  the  folar.  According  as  thefe 
{wo  tides  afiift,  or  check,  each  other,  the  flux  and  re* 
flux  will,  then,  be  more  or  lefs  confiderable. 
.  Now,  as  at  the  time  of  new  moon,  the  fun  and 
pioon  are  in  the  fame  parts  of  the  heavens,  their  ef- 
fefts  being  perfeftly  in  unifon,  the  flux  and  reflux 
muft  then  be  greateft,  being  equal  to  the  fum  of  the 
two  tides.  This  will  equally  take  place  at  the  time 
of  full  moon,  when  the  moon  is  oppofite  to  the  fun, 
as  we  know  that  fhe  produces  the  fame  effeft,  though 
ihe  be  in  a  point  of  the  heavens  diametrically  oppo- 
fite to  the  firft.  The  flux  arid  reflux  muft,  there- 
fore, be  greater  at  new  and  full  moon,  than  at  the 
firft  and  laft  quarters.  For  then  the  powef  of  tlie 
fun  is  exerted  to  lower  the  waters,  and  that  of  the 
moon  to  raife  them.  It  is  evident,  therefore,  that, 
at  thefe  feafons,  the  flux  and  reflux  muft  be  lefs  con* 
fiderable,  and  aftual  obfervation  confirms  it. 

It  might  be  ftill  farther  demonftrated,  by  calcula- 
tion, that  the  efleft  of  the  moon,  or  of  the  fun,  is 
fomewhat  greater,  when  thefe  bodies  are  at  the  equa- 
tor, or  equally  diftant  from  the  two  poles  of  the 
globe  :  which  happens  at  the  time  of  the  equinoxes^ 
toward  the  end  of  the  months  of  March  and  Sep- 
tember. It  is  found,  too,  that  then  the  tides  are 
ftrongeft.  It  follows  beyond  all  doubt,  then,  that 
the  tides,  or  the  flux  and  reflux  of  tl*e  fea,  are  caufed 
i>y  the  attraftive  power  of  the  moon  and  of  the  fun* 
-   .  ..  .      .  in 
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in  as  much  as  thefe  powers  aft  unequally  bri  tThe  di£* 
ferent  parts  of  the  fea.  The  happy  explanation  of 
this  phenomenon,  which  had  fo  dreadfully  perplexed 
the  ancients,  is  a  complete  confirmation  of  the  fy£ 
tern  of  attraction,  or  of  unrverfal  gravitation,  on 
which  is  founded  the  motion  of  all  the  heavenly 
bodies* 

\^ibOHcher%  1760. 
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More  particular  Account  of  the  Difpute  refpeSling  unL 

verfal  Gravitation. 

TTAVING  given  you  a  general,  but  exaft*  idea  of 
-*-  -*-  the  powers  which  produce  the  principal  pheno* 
mena  of  the  univerfe,  and  on  which  are  founded  the 
motions  of  all  the  heavenly  bodies,  it  is  of  importance 
to  confider,  with  more  attention,  thofe  powers  which 
axe  the  principal  points  of  the  fyftem  of  attra&ion. 

It  is  fuppofed,  in  this  fyftem,  that  all  bodies  mu- 
tually attraft  each  other,  in  the  ratio  of  their  mafs, 
and  relatively  to  their  diftance,  in  conformity  to  a 
law  already  explained.  The  fatisfying  manner  in, 
Which  moft  of  the  phenomena  in  nature  are  accounted 
for,  proves  that  this  fuppofition  is  founded  in  truth  % 
and  that  the  attraction  which  different  bodies  exer- 
cife  upon  each  other,  may  be  confidered  as  a  moft 
undoubted  &&.  It  now  remains,  that  we  enquire 
into  the  carafe  of  thefe  attractive  powers;  but  thi* 
-    -  S  %  refearch 
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refearch  belongs  rather  to  the  province  of  metaphyfics 
than  of  mathematics.  I  dare  not,  therefore,  flatter 
myfelf  with  the  profpeft  of  affured  fuccefs  in  the  pro- 
fecution  of  it. 

It  being  certain,  that  any  two  bodies  whatever  are 
attra&ed  to  each  other,  the  queftion  is,  What  is  the 
caufe  of  this  attraction  ?  On  this  point  philofophers 
are  divided.  The  Englifh  maintain,  that  attraftion 
is  a  property  effential  to  all  the  bodies  in  nature,  and 
that  thefe  bodies,  Tiurried  along  by  an  irrefiftible  pro- 
penfity,  tend  mutually  to  approach,  as  if  they  were 
impelled  by  feeling. 

Other  philofophers  confider  this  opinion  as  abfurd, 
and  contrary  to  the  principles  of  a  rational  philo- 
fophy.  They  do  not  deny  the  faft ;  they  even  ad- 
mit, that  powers  exift,  which  are  the  catifes  of  the 
reciprocal  tendency  of  bodies  toward  each  other ; 
but  they  maintain,  that  they  are  foreign  to  the 
bodies  ;  that  they  belong  to  the  ether,  or  the  fubtile 
matter  which  furrounds  them,  and  that  bodies  may 
be  put  in  motion  by  the  ether,  juft  as  we  fee  that  a 
body,  plunged  into  a  fluid,  receives  feveral  impref- 
iions  from  it.  Thus,  according  to  the  firft,  the  caufe 
of  the  attraction  refides  in  the  bodies  themfelves,  and 
is  effential  to  their  nature ;  .  and,  according  to  the 
laft,  that  it  is  out  of  the  bodies,  and  in  the  fluid 
which  furrounds  them.  In  this  cafe,  the  term  at- 
traction would  be  improper ;  and  we  muft  rather 
fay,  that  bodies  are  impelled  toward  each  other. 
But  as  the  effeft  is  the  fame,  whether  two  bodies  are 
reciprocally  impelled,  or  attrafted,  the  word  attrac- 
i    .  tion 
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tion  need  not  give  offence^  provided  it  is  not  pre- 
tended, by  that  term,  to  determine  the  nature  itfelf 
of  the,  caufe. 

To  avoid  all  confufion  which  might  refult  from: 
this  mode  of  expreffion,  it  ought  rather  to  be  faid, 
that  bodies  move,  as  if  they  mutually  attrafted  each 
other.  This  would  not  decide,  whether  the  powers 
which  aft  on  bodies  refide  in  the  bodies  themfelves* 
or  out  of  them ;  and  this  manner  of  fpeaking  might 
thus  fuit  both  parties.  Xet  us  confine  ourfelves  to 
the  bodies  which  we  meet  with  on  the  furface  of  the 
earth.  > 

Every  one  readily  admits,  that  all  thefe  would  fall 
downward,  unlefs  they  were  fupported.  Now,  the ' 
queftion  turns  on  the  real  caufe  of  this  fall.  Some 
fay,  that  it  is  the  earth  which  attrafts  thefe  bodies, 
by  an  inherent  power  natural  to  it ;  others,  that 
it  is  the  ether,  or  fome  other  fubtile  or  invifible  mat- 
ter, which  impels  the  body  downward  :  fo  that  the 
effeft  is,  neverthelefs,  the  fame  in  both  cafes.  This 
laft  opinion  is  moft  fatisfaftory  to  thofe  who  are 
fond  of  clear  principles  in  philofophy,  as  they  do  not 
fee,  how  two  bodies  at  a  diftance  can  aft  upon  each 
other,  if  there  be  nothing  between  them.  The  others 
have  recourfe  tp  the  divine  Omnipotence,  and  main- 
tain, that  God  has  endowed  all  bodies  with  a  power 
of  mutual  attraction. 

Though  it  be  dangerous  to  venture  on  difputing 
concerning  the  limits  of  divine  power,  it  is,  never- 
thelefs, certain,  that  if  attraftion  were  an  immediate 
work  of  that  power,  without ,  being  founded  in  the 
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nature  of  bodies,  this  would  be  the  fame  thing  as 
£iying,  that  Gad  immediately  impels  bodies  toward 
each  other,  and  this  would  amount  to  a  perpetual 
miracle. 

Let  us  fuppofe,  that  before  the  creation  of  th* 
world,  God  had  created  only  two  bodies,  at  a  diC 
tance  from  each  other ;  that  nothing  abfohitely  ex«> 
jfted  out  of  them,  and  that  they  were  in  a  ftate  of 
reft ;  would  it  be  poffible  for  the  one  to  approach 
the  other,  or  that  they  fhould  have  a  propenfity  to 
approach  ?  How  could  the  one  feel  the  other  at  a 
diftance  ?  Whence  could  arife  the  deiire  of  approach* 
ing  ?  Thefe  are  perplexing  queftions.  But  if  you 
fuppofe  that  the  intermediate  fpace  is  filled  with  a 
fubtile  matter,  we  can  comprehend,  at  once,  that  this 
jnatter  may  aft  upon  the  bodies,  by  impelling  them  ; 
the  effeft  would  be  the  {ame  as  if  they  poffefled  a 
power  of  mutual  attra&ion. 

:  Now,  as  we  know,  that  the  whole  fpace  which 
feparates  the  heavenly  bodies,  is  filled  with  a  fubtile 
matter,  called  ether  y  it  feems  more  reafonable  to  af* 
cribe  the  mutual  attraction  of  bodies  to  an  aftion 
which  the  ether  exercifes  upon  them,  though  it's 
manner  of  adting  may  be  unknown  to  us,  rather 
than  to  have  recourfe  to  an  unintelligible  property. 
.  Ancient  philofophers  fatisfied  themfelves  with  exi 
plaining  the  phenomena  of  nature,  from  qualities 
which  they  called  occult,  faying,  for  example,  that 
4pium  caufes  fleep,  from  an  occult  quality,  which 
difpofes  it  to  procure  fleep.  This  was  faying  jufl: 
nothing,  or  rather  was  an  attempt  to  conceal  ignc* 
«.»'-«  #  ranee* 
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ranee.  We  ought,  therefore,  likewife  to  confider 
attraction  as  an  occult  quality,  in  as  far  as  it  is  given 
for  a  property  eflential  to  bodies.  But,  as  the  idea 
of  all  occult  qualities  is  now  banifhed  from  philo* 
fophy,  attraction  ought  not  to  be  confidered  in  this 
fenfe. 

i8/£  OHakcTy  1760.  > 
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Nature  and.  EJfence  of  Bodies :   or  Extenfion,  Mobility 

and  Impenetrability  of  Body* 

THE  metaphyfical  difquifition,  Whether  bodies 
may  be  endowed  with  an  'internal  power  of  at* 
trading  each  other,  without  being  impelled  by  an 
external  force,  cannot  be  terminated,  till  we  have  ex* 
amined  more  particularly  the  nature  of  body  in  get 
neral.  As  this  fubjeft  is  of  the  laft  importance,  not 
only  in  mathematics  and  phyfics,  but  in  every  branch 
of  philofophy,  you  muft  permit  me  to  go  into  a  mora 
particular  detail  of  it. 

Firft,  it  is  afked,  What  is  body  ?  However  abfurct 
this  queftion  may  appear,  as  no  one  is  ignorant  of 
the  difference  between  what  is  body  and  what  is  not* 
it  is,  however,  difficult  to  afcertain  the  real  charac* 
ters  which  conftitute  the  nature  of  bodies*  The 
Cartefians  fay,  it  confifts  in  fextenfion,  and  that  what* 
ever  is  extended  is  a  body.  They  clearly  under* 
ftand,  that  ^xteafion  has,  in*  this  cafe,  three  dimen* 
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lions ;  and  that  a  fingle  dimenfion,  or  extenfion  in 
length  only,  gives  only  a  line ;  and  that  two  dimen- 
fions, length  and  breadth,  form  only  a  furface,  which 
ftill  is  not  a  body.  To  conftitute  a  body,  therefore, 
we  mull  have  three  dimenfions,  and  every  body  muft 
have  length,  breadth,  and  depth,  or  thicknefs ;  in 
other  words,  an  extenfion  in  three  dimenfions. 

But,  it  is  alked,  at  the  fame  time,  if  every  thing 
which  has  extenfion  is  a  body  ?  This  muft  be  the 
cafe,  if  the  definition  of  Defcartes  be  juft.  The  idea 
which  the  vulgar  form  of  fpeftres  contains  exten- 
fion; it  is,  however,  denied  that  they  are  bodies. 
Though  this  idea  be  purely  imaginary,  it  ferves  to 
prove,  however,  that  fomething  may  have  extenfion 
without  being  a  body.  Befides,  the  idea  which  we 
have  of  fpace,  contains,  undoubtedly,  an  extenfion 
with  three  dimenfions.  It  is  admitted,  neverthelefs, 
that  fpace  alone  is  not  a  body  ;  it  only  furnifhes  the 
place  which  bodies  occupy  and  fill. 

Let  us  fuppofe,  that  all  thofe  which  are  at  prefent 
in  my  apartment,  aijr  and  every  thing,  were  annihi- 
lated by  the  divine  Omnipotence,  there  would  re- 
main ftill  in  the  apartment  the  fame  length,  breadth 
and  height,  but  without  a  body  in  it.  Here,  then, 
is  the  poflibility  of  an  extenfion  that  fhall  not  be  a 
body.  Such  a  fpace,  without  body  in  it,  is  called  a 
vacuum  ;  a  vacuum  then  is  extenfion  without  body. 

It  may  likewife  be  faid,  according  to  the  vulgar 
fuperftition,  that  a  fpeftre  has  extenfion,  but  that 
body,  or  corporalify,  is  wanting  to  it.  It  is  clear, 
then,  that  extenfion  is  not  fufficient  to  conftitute  a 
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body,  that  fomething  more  is  neceflary ;  hence  it 
follows,  that  the  definition  of  the  Cartefians  is  not 
exaft.  But  what  more  is  neceflary,  befide  extension, 
to  conftitute  a  body  ?  The  anfwer  is,  mobility,  or 
the  poflibility  of  being  put  in  motion ;  for,  though 
a  body  be  at  reft,  whatever  may  be  the  caufes  which 
preferve  it  in  that  ftate,  it  would,  however,  be  pof- 
fible  to  move  it,  provided  the  powers  applied  to  ii 
were  fufficient.  By  this,  fpace  is  excluded  from  the 
clafs  of  bodies,  as  we  fee  that  fpace,  which  only  ferves 
to  receive  bodies,  remains  immoveable,  whatever 
motion  the  bodies  that  it  contains  may  have. 

It  is  likewife  faid,  that,  by  the  help  of  motion, 
bodies  are  tranfported  from  one  place  to  another  ; 
by  which  we  are  given  to  underftand,  that  the  places 
and  fpace  remain  unchangeable.  My  apartment, 
however,  with  the  vacuum  which  I  have  above  fup- 
pofed,  might  undoubtedly  be  moved,  and  aftually  is 
fo,  as  it  follows  the  motion  which  carries  round  the 
earth  itfelf ;  here,  then,  is  a  vacuum  in  motion, 
without  being  a  body.  The  vulgar  fuperftition,  too, 
beftows  motion  on  fpecfcres ;  and  this  is  fufficient  to 
prove,  that  the  power  of  being  moved,  and  exten- 
fion,  alone,  do  not  conftitute  the  nature  of  bodies. 
Something  more  is  wanting ;  there  muft  be  matter 
to  conftitute  a  body,  or  rather,  it  is  this  which  dif- 
tinguifties  a  real  body  from  fimple  extenfion,  or  from . 
3,  fpe&re. 

Here,  then,  we  are  reduced  to  explain  what  is  to 
be  underftood  by  the  term  matter,  without  which 
extenfion  cannot  be  body.    Now,  the  fignification 
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of  thefe  two  terms  is  fo  much  the  fame,  that  all  body 
is  matter,  and  all  matter  is  body ;  fo  that  even  now 
we  have  made  no  great  progrefs.  We  eafily  difco- 
ver,  however,  a  general  chara&er,  infeparable  from 
all  matter,  and,  confequently,  pertaining  to  all  bodies  j 
it  is  impenetrability,  the  impoffibility  of  being  pene- 
trated by  other  bodies,  or  the  impoffibility  that  two 
bodies  fhould  occupy  the  fame  place  at  once.  la 
truth,  impenetrability  is  what  a  vacuum  wants  in 
order  to  be  a  body. 

,  It  will,  perhaps,  be  objected,  that  the  hand  may  be 
eafily  moved  through  air  and  through  water,  which 
are,  neverthelefs,  acknowledged  bodies ;  thefe,  then, 
muft  be  penetrable  bodies,  and,  confequently,  impe- 
netrability is  not  an  inherent  chara&er  of  all  bodies. 
But  it  is  worthy  of  remark,  that  when  you  plunge 
your  hand  into  water,  the  particles  of  the  water  make 
way  for  your  hand,  and  that  there  is  no  water  in  the 
fpace  which  your  hand  occupies.  If  the  hand  could 
move  through  the  water,  while  that  fluid  did  not 
make  room  for  it,  but  remained  in  the  place  which 
the  hand  occupied,  then  it  would  be  penetrable ;  but 
it  is  evident  this  is  not  the  cafe.  Bodies,  then,  are 
impenetrable:  a  body,  therefore,  always  excludes, 
from  the  place  which  it  occupies,  every  other  body  ; 
and  as  foon  as  a  body  enters  into  any  place,  it  is  ab- 
folutely  neceflary  that  the  body  which  occupied  it 
before  fhould  leave  it.  This  is  the  fenfe  which  we 
muft  affix  to  the  term  impenetrability. 
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Impenetrability  of  Bodies. 
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THE  inftance  of  a,  fpunge  will,  perhaps,  be  pro- 
duced as  an  objection  to  the  impenetrability  of 
bodies ;  which,  plunged  into  water,  appears  com* 
pletely  penetrated  by  it.  But  the  particles  of  the 
fpunge  are  very  for  from  being  fo,  in  fuch  manner 
as  that  one  particle  of  the  water  ihould  occupy  the 
iame  place  with  one  particle  of  the  fpunge.  We 
know  that  fpunge  is  a  very  porous  body ;  and  that 
before  it  is  put  into  the  water,  it's  pores  are  filled 
with  air ;  as  foon  as  the  water  enters  into  the  pores 
of  the  fpunge,  the  air  is  expelled,  and  difengages  it>  • 
£elf  under  the  form  of  little  bubbles  ;  fo  that,  in  this 
cafe,  no  penetration  takes  place,  neither  of  the  air  by 
the  water,  nor  of  the  water  by  the  air,  as  this  laft 
always  makes  it's  efcape  from  the  places  into  which 
the  water  enters. 

It  is,  then,  a  general,  and  effential  property  of  all 
bodies,  to  be  impenetrable ;  and,  confequently,  the 
juftnefs  of  this  definition  muft  be  admitted :  that  * 
body  is  an  impenetrable  extenjion  y  as  not  only  all  bodies 
are  extended  and  impenetrable,  but  likewifc,  red* 
procally,  as  that  which  is,  at  the  fame  time,  extended 
and  impenetrable,  is,  beyond  contradi&ion,  a  body. 
Vacuum  is,  accordingly,  excluded  from  the  clafs  of 
bodies  ;  for,  though  it  has  extenfion,  it  wants  impe* 
netr ability  j  and  wherever  we  meet  with  a  vacuum, 
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there  bodies  may  be  introduced,  without  thrufting 
any  thing  out  of  it's  place,  . 

We  muft  attempt  to  remove  another  difficulty, 
raifed  againft  the  impenetrability  of  bodies.  There 
are,  fay  the  obje&ors,  bodies,  which  admit  of  com- 
preffion  into  a  fmaller  fpace,  as,  for  example,  wool} 
and  efpecially  air,  which  it  is  poffible  to  reduce  into 
a  fpace  a  thoufand  times  fmaller  than  what  it  occu- 
pies. It  appears,  then,  that  the  different  particles  of 
air  are  reduced  in  the  fame  place,  and  that,  confe- 
quently,  they  mutually  penetrate. 

There  is,  however,  nothing  in.  this ;  for  the  air, 
too,  is  a  body,  or  a  fubftance  full  of  empty  pores,  or 
filled  with  that  fluid,  incomparably  more  fubtile, 
which  we  call  ether.    In  the  firft  cafe,  no  penetration 
will  enfue,  as  the  particles  of  air  only  approach  nearer 
to  each  other,  according  as  the  vacuum  is  diminifh- 
ed ;  and,  in  the  other  cafe,  the  ether  finds  a  fuf- 
ficiency  of  fmall  paffages  by  which  to  efcape,  as  the 
particles  of  the  air  approach  each  other,  but  all  the 
while  without  any  mutual  penetration.     For  this 
ireafon,  it  is  neceffary  to  employ  a  greater  force,  when 
we  want  to  comprefs  the  air  more :  and  if  the  air 
were  compreffed  to  fuch  a  degree,  that  it's  minute 
particles  touched  each  other,  we  could  not  carry  the 
compreflion  farther,  becaufe,  were  it  poffible,  the  mi*, 
-nute  particles  of  the  air  muft  mutually  penetrate. 

It  is,  then,  a  neceffary  and  fundamental  law  in  na* 
ture,  that  no  two  bodies  can  penetrate  each  other,  or 
occupy  the  fame  place  at  once :  and  it  is  in  a  confor- 
mity to  this  principle,  that  we  muft  look  for  the  real 
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fource  of  all  the  motions  which  we  obferve  in  all 
bodies,  and  of  the  changes  which  befal  them.  As 
two  bodies  cannot  continue  their  motion  without 
penetrating  each  other,  it  is  abfolutely  neceffary  that 
the  one  flipuld  give  place  to  the  other.  If,  then^ 
two  bodies  are  moving  in  the  fame  line,  the  one  to 
the  left,  the  other  to  the  right,  as  it  frequently  hap- 
pens at  billiards,  if  each  were  to  continue  it's  motion, 
they  muft  mutually  penetrate,  but  this  being  impof- 
fible,  as  foon  as  they  come  to  touch,  a  dock  takes 
place,  by  which  the  motion  of  each  body  is  almoft 
inftantly  changed;  and  this  dock  is  produced,  in 
nature,  only  to  prevent  penetration.  The  motion 
of  each  body  is  precifely  changed  no  further  than  is 
neceflary  to  prevent  all  penetration ;  and  in  this  con- 
fids  the  real  caufe  of  all  the  changes  which  happen 
in  the  world.  ' 

When  all  thefe  changes  are  attentively  confidered, 
they  are  found  always  to  take  place,  in  order  to  pre- 
vent fome  penetration,  which,  without  thefe  changes, 
muft  have  enfued.  At  the  moment  I  am  writing,  I 
obferve,  that  if  the  paper  were  penetrable,  the  pen 
would  pafs  freely  into  it,  without  writing :  but  as 
the  paper  fuftains  the  preffure  of  my  pen,  moiftened 
with  ink,  it  receives  from  it  fome  particles  which 
form  thefe  letters ;  which  could  not  happen  if  bodies 
penetrated  each  other. 

This  property  of  all  bodies,  known  by  the  term 
impenetrability,  is,  then,  not  only  of  the  laft  impor- 
tance, relatively  to  every  branch  of  human  know- 
ledge, but  we  may  confider  it  as  the  mafter-fpring 
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which  nature  fets  a-going,  in  order  to  produce  all 
her  wonders.  It  merits,  then,  an  attentive  exami- 
nation, in  order  that  we  may  be  enabled  to  explain 
more  clearly  the  nature  of  bodies,  and  the  principles 
of  every  fpecies  of  movement,  commonly  called  lam 
tf motion. 

*$tb  O8ober,  1760. 
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Of  the  Motion  of  the  Bodies ',  real  and  apparent* 

ALL  bodies  are  at  reft,  or  in  motion.  However 
evident  this  diftin&ion  may  be,  it  is  almoft  im* 
poflible  to  judge  whether  a  body  is  in  the  one  ftate, 
or  in  the  other.  The  paper  which  I  fee  on  my  table 
feems  to  me  really  at  reft ;  but  when  I  refleft  that 
the  whole  earth  is  moving  with  that  aftoniihing  ve* 
locity  which  I  explained  in  a  former  letter,*  my 
houfe,  my  table,  and  the  paper,  muft  abfolutely  be 
carried  along  with  the  fame  rapidity.  Thus  every 
thing  that  feems  to  be  .at  reft,  has,  in  reality,  the 
fame  motion  as  the  earth. 

We  muft  therefore  diftinguifh  between  two  kinds? 
of  reft,  the  one  abfolute,  the  other  apparent.  Abfo* 
lute  reft  takes  place  when  a  body  remains  conftantly 
in  the  fame  place,  not  with  relation  to  the  earth, 
but  with  relation  to  the  univerfe.  If  the  fixed  ftara 
remained  always  in  the  fame  place  of  the  univerfe  j 
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they  would  be  at  reft,  though  they  feem  to  move 
very  rapidly ;  but  as  we  are  not  certain  of  it,  we 
muft  not  pretend  to  affirm,  that  the  fixed  ftars  are 
in  a  ftate  of  abfolute  reft. 

A  body  is  faid  to  be  in  a  ftate  of  apparent  reft, 
when  it  preferves  the  fame  fituation  on  the  earth.  It 
is  likewife  to  be  prefumed,  that  thefe  terms,  reft  and 
motion,  have  been  introduced  into  language  to  mark 
rather  appearances  than  truth ;  and  in  this  fenfe,  I 
affirm,  without  hefitation,  that  my  table  is  at  reft, 
as  well  ^as  the  whole  earth ;  and  that  the  fun  and 
the  fixed  ftars  are  in  motion,  and  that  a  very  rapid 
motion,  although  they  are  really  at  reft.  We  fliould, 
therefore,  be  afcribing  ftrange  and  purely  metaphy- 
fical  ideas  to  thefe  expreffions,  if  we  underftood  by 
them  abfolute  rejiy  or  motion  ;  and  it  is  abfurd  to  em- 
ploy, as  fome  perfons  do,  paffages  of  the  Holy  Scrip- 
tures to  prove  that  the  earth  is  at  reft,  and  the  fun 
in  motion. 

Language  is  formed  for  general  ufe ;  and  philofo- 
phers  are  under  the  neceflity  of  forming  a  particular 
language  for  themfelves.  As  we  are  incapable  to 
judge  of  abfolute  reft,  it  is  very  natural  for  us  to 
confider  thofe  bodies  as  at  reft  which  preferve  the 
fame  fituation  relatively,to  the  earth ;  as  it  is  very 
probable  the  inhabitants  of  other  planets,  likewife, 
form  their  judgment  of  reft  from  the  fame  fituation 
relatively  to  their  refpe&ive  planet. 

We  obferve,  that  navigators  confider  as  at  reft  the 
olge&s  which  preferve  the  fame  v  fituation  relatively 
to  their  veflfel,  and  that  the  coafts  which  they  di& 
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cover  appear  to  them  to  be  in  motion ;  and  no  one 
thinks  of  finding  fault  with  their  ufing  the  common 
modes  of  expreffion.  There  is,  therefore,  a  great 
difference  between  reft  and  motion,  real  or  abfolute, 
2nd  between  reft  and  motion  apparent,  or  relative 
to  a  body,  confidered  at  the  time  as  in  a  ftate  of  reft, 
though  perhaps  it  may  be  in  motion.,  The  principles 
or  laws  of  motion  refer  chiefly  to  the  abfolute  ftate 
of  bodies,  that  is,  to  their  reft  or  inotion,  real  or  ab- 
folute. In  order  to  difcover  thefe  laws,  we  begin 
with  confidering  a  body  fingly  and  abftra&edly  from 
all  others. 

This  hypothefis,  though  it  never  can  take  place, 
is,  in  reality,  very  proper  to  aflift  us  in  diftinguifhing 
what  is  operated  by  the  nature  of  body  itfelf,  from 
that  which  other  bodies  are  capable  of  operating 
upon  it. 

Let  a  body,  then,  be  alone,  and  at  reft  j  it  may  be 
afked,  Will  it  continue  at  reft,  or  will  it  begin  to 
move  ?  As  there  is  no  reafon  which  fhould  incline 
it  to  move  to  one  fide  rather  than  to  another,  it  is 
concluded  that  it  would  remain  always  at  reft.  The 
fame  thing  muft  happen,  on  the  fuppofition  of  the 
exiftence  of  other  bodies,  provided  they  do  riot  a& 
on  the  body  in  queftion ;  hence  refults  this  funda- 
meitfal  law :  When  a  body  is  once  in  ajlate  of  refi^  and- 
nothing  external  ads  upon  it^  it  will  remain  always  in 
that  ftate :  and  if  it  begin  to  move,  the  caafe  of  motion 
would  be  out  of  it,fo  that  there  is  nothing  in  the  body  itfelf 
which  is  capable  of  putting  it  in  motion.  When,  there- 
fore, we  fee  a  body  .which  has  been  at  reft  begin  td 
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hiove,  we  may  reft  affured  that  this  motion  has  been 
occafioned  by  an  exterior  power,  as  there  is  nothing 
in  the  body  itfelf  capable  of  putting  it  in  motion  J 
and  if  it  were  alone,  and  cut  off  from  all  communi- 
cation with  other  bodies,  it  would  remain  always  at 
reft. 

However  well  founded  this  law  ihay  tee,'ahd  how- 
ever entitled  to  rank  with  geometlricjal  truths,  there 
are  perfons  little  accuftomed  to  profound  inveftiga- 
tion,  who  pretend  that  it  is  contradicted  by  expe- 
rience. They  allege  the  example  of  a  thread,  to 
which  a  ftone  is  appended  $*  the  ftone  is  at  reft>  but 
falls  the  moment  that  the  thread  is  cut.  It  is  cer- 
tain,  fay  they,  that  the  action  by  which  the  thread 
is  cut  is  npt  capable  of  making  the  ftone  move ;  the 
ftone,  therefore,  muft  fall  by  a  power  which  is  proper 
to  itfelf,  and  internal. 

The  fad  is  certain ;  but  it  is  evident,  at  the  fame^ 
time,  that  gravity  is  the  caufe  of  the  defcent,  and 
not  an  internal  power  in  the  ftone. 

They  fay  farther,  that  gravity  may  be  an  intrinftc 
power,  attached  to  the  nature  of  the  ftone ;  on  which 
it  muft  be  remarked,  that  gravity  is  produced  either 
by  a  fubtile  matter  >  or  by  the  attra&ion  6f  the  earth. 
In  the  firft  cafe  it  certainly  is  that  fubtile  matter 
which  caufes  the  defcent  of  the  ftone ;  in  the  fecond,* 
which  appears  favourable  to  our  opponents,  it  can 
with  no  propriety  be  affirmed,  that  the  ftone  de- 
fcends  by  an  intrinfic  power  j  it  is  rather  the  earth 
which  contains  the  caufe  of  it,  and  which  produces 
the  defcent  of  the  ftone,  by  it's  attra&ive  power : 
.     .Vol.  I.  T  for 
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for  If  the  earth  did  not  exift,  or  were  deprived  of 
it's  attractive  power,  they  admit  that  the  fton* 
would  not  defcencL 

.  It  is  certain,  therefore,  that  the  caufe  of  the  de» 
{cent  does  not  refide  in  the  ftone  itfelf :  the  caufe* 
then,  is  always  extrinfic,  whether  it  be  in  the  fubtile 
matter  or  in  the  earth,  fu^pofing  it  to  be  endowed 
with  an  attractive  power,  ad  the  partifans  of  attrao 
tion  pretend.  This  difficulty  being  removed,  the 
law,  which  I  have  laid  down,  fubfifts  in  full  force  ; 
namely,  That  a  body,  once  at  reft,  will  always  remain 
fo,  unlefs  it  be  pilt  in  motion  by  fome  foreign  caufe# 
This  law  muft  take  place,  provided  the  body  hafr 
been  at  reft  but  a  fingle  inftant,  though  it  was  in 
motion  immediately  before;  and,  when,  once  re- 
duced to  a  ftate  of  reft,  it  will  always  preferve  that 
ftate,  unlefs  fome  foreign  caufe  intervene  to  put  it 
£gain  in  motion.  This  principle  being  the  founda- 
tion of  all  mechanics,  it  was  neceffary  for  me  to  e£ 
tablifh  it  with  all  pollible  precifknw 
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Of  uniform^  accelerated r,  and  retarded  Motion* 

T  RETURN  to  the  cafe  of  a  body  placed  in  fuch  a 
-*-  manner  as  to  have  no  connection  with  any  other* 
Let  us  fuppofe  it  to  have  received  fome  motion  from 
whatever  caufe  j  it  remains  that  we  enquire,  What 
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» 
will  afterwards  happen  to  it  ?   Will  it  continue  to 

move  ?  Or  will  it  fuddenly  return  to  a  ftate  of  reft  J 
or  after  fome  time  ?  You  muft  be  fenfible,  that  this 
is  an  enquiry  of  fome  importance,  and  that  all  our 
refearches  refpe&ing  the  motion  of  bodies  depend 
upon  it.  Let  us  examine  if,  by  means  of  reafoning, 
we  are  able  to  refolve  it. 

A  body  is  at  reft,  as  long  as  it,  and  all  it's  parts, 
remain  in  the  fame  place ;  and  it  is  in  motion  when 
that  body,  or  fome  of  it's  parts  only*  pafs  from  one 
place  to  another.  Now,  there  are  two  things  to  be 
confidered  in  motion,  the  diredion  and  the  velocity. 
The  direftion  is  the  place  toward  which  the  body  is 
carried,  and  the  velpcity  is  the  fpace,  greater  or  lefi* 
through  which  it  moves  in  a  certain  time.  I  aril 
perftiaded  you  have  already  jufter  ideas  of  this  than 
I  could  communicate  by  the  moft  ample  explanation* 
I  remark  only,  that  as  long  as  a  body  preferves  the 
fame  direction,  it  moves  in  a  ftraight  line ;  and  reci- 
procally, as  long  as  a  body  moves  in  a  ftraight  line, 
it  preferves  the  fame  dire&ion ;  but  when  it  moves 
in  a  curve,  it  is  continually  changing  it's  pofition. 
.  If  a  body,  then,  (plate  III.  Jig.  7.)  moves  in  the 
curve  ABC;  when  it  is  at  A,  it's  dire&ion  is  the 
fmall  line  A  a ;  when  it.  is  at  B,  it's  diredtion  is  the 
fmall  line  B  b ;  and  at  C,  the  fmall  line  C  c.  Let 
thefe  fmall  lines  be  produced  \  the  continuations  of 
which  are  marked  by  the  ftraight  dotted  lines  A  L, 
BM,CN;  and  it  will  be  affirmed,  that  when  the 
body  pafies  through  A,  it's  direction  is  the  ftraight 
line  A  L,  becaufe,  if  the  body  preferred  the  fame  di* 
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rection  which  it  had  at  A,  it  would  move  in  the 
ftraight  Una AL  It  is  evident, then,  that  it  moves 
in  the  curve  only  in  fo  far  as  it  is  continually  chang- 
ing it's  direction.  And  when  it  arrives  at  B  and  at 
C,  the  direftion  from  which  it  deviates  is  exprefled 
by  the  ftraight  lines  B  M  and  C  N.* 

A  body  preferves  the  fame  velocity  in  it's  motion 
as  long  at  it  moves  through  equal  fpaces  in  equal 
times.  This  motion  is  called  uniform.  Thus,  for 
example,  if  a  body  moves  in  fuch  a  manner  as  al- 
ways to  proceed  ten  feet  during  every  fecond,  we 
call  this  motion  uniform.  If  another  body  proceeds 
twenty  feet  in  a  fecond,  it's  motion  too  would  be 
uniform,  but  it's  velocity  would  be  twice  as  great  as 
that  of  the  preceding. 

*  The  argument,  cmtfafitfficicns,  or  fujjicient  reafov,  is  a  fort  of 
jargon  introduced  by  fome  metaphyficians  in  the  beginning  of  the 
prefent  century,  which  has  ftill  it's  advocates  on  the  continent. 
To  conclude  that  a  thing  is  fuch  becaufe  we  fee  no  fufficient  rea- 
fon  to  the  contrary,  is,  indeed,  a  ftrange  method  of  reafoning. 
What  can  be  more  prepoflerous  than  to  employ  our  ignorance  as 
the  inftrument  of  difcovering  truth  ?  And  yet  this  is  the  plain 
ftaterrent  of  the  argument.  The  inftance  mentioned  in  the  text, 
is  a  noted  one,  though  the  ingenious  Father  Bo/covic/i  remarks, 
that  any  inference  whatever  may  with  equal  juftice  be  drawn  from 
the  fame  premifes.  Thus,  we  may  fay,  that  no  fufficient  reafon 
can  be  given  that  a  moving  body  A  lliould  approach  a  point  B, 
rather  than  recede  from  it ;  it  will,  therefore,  keep  conftantly  at 
the  fame  diftance,  and,  confequently,  defcribc  a  circle  about  that 
point.  Hence  bodies  move  not  iu  ftraight  lines,  but  in  circles. 
In  the  fame  manner  we  might  fay  that  motion  is  not  uniform,  and 
indeed  prove  any  thing  we  pleafe*  The  fact  is,  that  we  derive  no 
part  of  our  knowledge  from  any  abflrad  reafoning  on  the  nature 
of  things. 

From 
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From  what  I  have  juft  faid  of  the  uniformity  of 
motion,  it  is  eafy  to  comprehend  what  is  not  uniform 
motion ;  for  when  the  velocity  of  a  body  is  not  equal, 
it's  motion  is  not  uniform.  When  the  velocity  of  a 
body  goes  on  increafing,  it's  motion  is  faid  to  be  ac- 
celerated^  and  when  it  is  continually  diminifhing,  we 
fay  it  is  retarded.  In  this  laft  cafe,  the  velocity  may 
come  to  be  retarded  to  fuch  a  degree,  that  the  body 
fliall  at  length  come  to  a  ftate  of  reft. 

Having  made  thefe  remarks  on  the  velocity  and 
dire&ion  of  moving  bodies,  I  return  to  the  cafe  of  a 
folitary  body,  which  I  fuppofe  to  be  put  in  motion 
by  any  caufe  whatever.  As  foon  as  it  has  begun 
to  move,  it  muft  have  acquired  a  certain  direction, 
and  a  certain  velocity :  and  the  queftion  is,  Will  it 
afterwards  preferve  the  fame  dire&ion  and  the  fame 
velocity ;  or,  Will  it  undergo  fome  alteration  ?  We 
cannot  affirm  that  it  will  be  reduced  to  a  ftate  of  reft 
in  an  inftant,  for,  in  this  cafe,  it  could  not  have  had 
any  motion,  all  motion  fuppofing  duration,  however 
fliort.  Now,  as  long  as  the  motion  lafts,  it  is  cer? 
tain  that  the  direction  will  remain  the  fame. 

In  truth,  it  is  impoflible  to  conceive  why  the  body 
ftiould  go  out  of  it's  road,  to  one  fide  rather  than  to 
another ;  and,  as  nothing  comes  to  pafs  without  rea- 
fon,  it  follows,  that  the  body  in  queftion  will  always 
perfevere  in  the  fame  dire&ion,  or,  that  it's  motion 
will  proceed  in  a  ftraight  line,  which  is  a  great  ftep 
made  toward  the  decifion  of  the  queftion. 

It  is  likewife  maintained,  that  the  velocity  of  the 
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body,  of  which  I  fpeak,  cannot  change :  for  in  that 
cafe  it  muft  either  increafe  or  diminilh,  and  no  rea» 
(on  can  be  afligned  capable  of  producing  this  change. 
Hence  it  is  concluded,  that  this  body  will  always 
continue  to  *move  with  the  fame  velocity,  and  in  tha 
fame  dire&ion,  or  that  it  will  proceed  continually  in 
the  direction  of  a  ftraight  line,  without  ever  deviat* 
ing  from  it,  and  always  with  equal  fpeed.  This  mo* 
tion  will  be  performed,  then,  always  in  a  ftraight 
line,  and  with  an  equal  velocity,  without  ever  being 
Jlackened  or  retarded;  the  body,  therefore,  will 
never  be  reduced  to  a  ftate  of  reft. 

What  has  been  faid  of  a  body,  wrhich  I  have  flip* 
pofed  folitary,  would  happen  in  like  manner  to  our 
globe,  if  no  other  bodies  had  any  influence  upon  it, 
for  then  it  would  be  the  lame  thing  as  if  they  did 
not  exift.  The  queftion,  then,  is  refolved.  A  body 
in  motion  will  always  preferve  it  in  the  fame  direc- 
tion, and  with  the  fame  velocity,  unlefs  fome  exter* 
nal  caufe  interpofe,  capable  of  altering  it's  motion. 
So  long,  therefore,  as  a  body  is  not  fubject  to  the  ac- 
tion of  fome  external  caufe,  it  will  remain  at  reft,  if 
it  has  once  been  in  a  ftate  of  reft ;  or  will  be  moved 
in  the  direction  of  a  ftraight  line,  and  always  with 
the  fame  velocity,  if  it  has  once  been  put  in  motion ; 
and  this  is  the  ftrft  and  principal  law  of  nature  on 
which  the  whole  fdence  of  motion  muft  be  founded* 
From  it  we  deduce  at  once  this  conclufion,  that  as 
often  as  we  fee  a  body  which  was  at  reft  put  in  mo* 
tion,  or  a  body  moving  in  a  curve  line,  or  whofe  ve- 
locity 
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locity  changes,  it  is  certain,  that  an  external  caufe 
ads  upon  it.  No  change  can  poffibly  take  place 
either  as  to  direftion  or  velocity,  but  what  is  the 
operation  of  a  foreign  caufe. 

l/l  November,  1760. 
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Principal  Law  of  Motion  and  Reft.     Difputes  of  Philo* 

fophers  on  the  Subjeft. 

TT7ITH  whatever  folidity  this  principle  is  eftal> 
*  *  liftied,  that  every  body  put  in  motion  conti- 
nues to  move  in  the  fame  direction,  and  with  the 
fame  velocity,  unlefs  fome  exterior  caufe  interpofe 
to  derange  this  motion ;  it  has,  neverthelefs,  been 
combated  by  certain  philofophers,  who  have  never 
made  any  great  progrefs  in  the  fcience  of  motion ; 
while  thofe  to  whom  we  are  indebted  for  all  the 
great  difcoveries  which  have  been  made  in  this 
fcience,  unanimoufly  agree,  that  all  their  refearches 
have  proceeded  entirely  on  this  principle.  It  is  at- 
tacked by  two  fefts  of  philofophers,  whofe  obje&ions 
I  proceed  to  propofe,  and  fhall  endeavour  to  refute. 
It  is  alleged  by  the  one,  That  all  bodies  have  a 
propenfity  to  reft,  which  is  their  natural  ftate,  and 
that  motion  is  to  them  a  ftate  of  violence  ;  fo  that 
when  a  body  is  put  in  motion,  it  has  a  tendency, 
from  it's  very  nature,  to  return  to  the  ftate  of  reft ; 
and  that  it  makes  every  effort  to  deftroy  it's  motion, 

T  4  indepen- 
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independently  of  every  external  or  foreign  caufc. 
They  allege,  in  proof,  experience,  fo  convincing,  ac- 
cording to  them,  that  we  know  of  no  motion  in  na- 
ture that  does  not  very  fenfibly  betray  this  reluc- 
tance. Dq  we  not  fee,  fay  they,  on.  the  billiard  table, 
that  with  whatever  force  we  ftrike  a  ball,  it's  motion 
is  quickly  flackened,  and  it  foon  returns  to  a  ftate  of 
reft.  As  foon  as  the  motion  of  a  clock  ceafes  to  be 
kept  up  by  the  external  force"  which  fet  it  a  going, 
it  ftops.  It  is  remarked  of  all  machines  in  general, 
that  their  motion  lafts  no  longer  than  the  external 
powers  by  which  they  are  agitated.  Hence  they 
conclude,  that  a  body  put  in  motion  is  fo  far  from 
preferring  it  from  any  thing  in  it's  own  nature,  that, 
on  the  contrary,  an  external  force  muft  be  employed 
to  keep  it  up. 

,  You  muft  be  fenfible  that,  if  this  conclufion  is  juft, 
our  principle  is  .completely  fubverted ;  as,  in  virtue 
of  this  principle,'  the  ball  and  the  machines  in  quet 
ticjn,  once;p]it;in  motion,  muft,  always  preferve  the 
fame,  unlefs  external  caufes  have  occafioned  fome 
change  in  it.  Thus,  in  the  experiments  referred  to, 
had  there  been  no  external  caufe  which  tended  to 
deftroy  the  motion,  we  fhould  have  been  under  the 
neceffity  of  abandoning  our  principle. 

But,  if  we  attend  to  every  thing,  we  ftiall  find  fo 
many  obftacles  oppofed  to  the  motion,  that  we  need 
no  longer  wonder  it  fhould  be  fo  fpeedily  extinguish- 
ed. In  faft,  it  is  firft  the  friction  on  the  billiard 
table  which  diminifhes  the  motion  of  the  ball,  for  it 
cannot  advance  without  rubbing  againft  the  cloth. 

Again  * 
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Again,  the  air  being  a  fubftance,  caufes  likewise  a  re- 
fiftance  capable  of  diminiflring  the  motion  of  bodies. 
To  be  convinced  of  this,  you  have  only  to  move 
your  hand  rapidly  through  the  air.  It  is  evident, 
then,  that  in  the  cafe  of  the  billiard  table,  it  is  the 
fri&ion  and  the  refiftance  of  the  air  which  counteract 
the  motion  of  the  ball,  and  foon  reduce  it  to  a  ftate 
of  reft. 

Now,  thefe  caufes  are  external,  and  it  is  eafily 
comprehenfible  that,  but  for  thefe  obftacles,  the  mo- 
tion of  the  ball  muft  have  always  continued.  The 
fame  reafoning  is  applicable  to  machines  of  all  kinds, 
in  which  the  fri&ion  which  a6ts  on  the  different 
parts  is  fo  confiderable,  that  it  is  vifibly  a  very  fuf- 
ficient  caufe  of  foon  reducing  the  machine  to  reft. 

Having,  then,  difcove^d  the  real  caufes  which 
produce,  in  the  cafes  alleged,  the  extindibn  of  mo± 
tion,  and  that  thefe  caufes  are  external,*  and  *not  re- 
fident  in  the  moving  body,  it  is  evidently  falfe,  that 
bodies  have  in  their  nature  a  propenfity  to  reft.  Our 
principle,  therefore,  fubfifts  in  full  force,  and  even 
acquires  additional  ftrength  from  the  preceding  ob- 
jections. Every  body,  then,  always  preferves  the 
motion  which  it  has  once  received,  unlefe  foreign 
caufes  interpofe  to  change  the  direction  or  the  velo- 
city, or  both  at  once.  And  thus  we  have  got  rid  of 
one  phalanx  of  the  adverfaries  who  Combat  our  prin- 
ciple. 

The  other  is  more  formidable,  for  they  are  no  lefs 
than  the  celebrated  Wolfian  philofophers.  They  do 
not,  indeed,  openly  declare  againft  our  principle,  nay 

they 
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they  wen  esprefs  much  refpeft  for  it ;  but  they  adv 
vance  others  which  dire&ly  oppofe  it. 

They  maintain,  That  all  bodies,  in  virtue  of  their 
nature,  are  making  continual  efforts  to  change  theif 
ftate ;  that  is,  when  they  are  at  reft,  they  make  an 
effort  to  move ;  and,  if  they  are  in  motion,  make 
continual  efforts  to  change  their  velocity  and  direc- 
tion. They  allege  nothing  in  proof  of  this  affertion * 
except  certain  crude  reafonings,  drawn  from  their 
lyftem  of  metaphyfics,  which  I  fhall  hereafter  take 
©ccafion  to  lay  before  you.  I  only  remark,  at  pre- 
fent,  that  this  opinion  is  contradi&ed  by  the  prin~ 
ciple  which  we  have  fo  firmly  eftablifhed ;  and  by 
experience,  which  is  in  perfeft  conformity  with  it. 

In  fact,  if  it  be  true,  that  a  body  at  reft  remains, 
in  virtue  of  it's  nature,  Ll  that  ftate,  it  muft  be  un. 
doubtedly  falfe  that  it  fhould  make,  in  virtue  of  it's 
nature,  continual  efforts  to  change  it's  ftate.  -  And 
if  it  be  true  that  a  body  in  motion  preferves,  in  vir- 
tue of  it's  nature,  this  motion,  in  the  fame  direftiony 
and  with  the  fame  velocity,  it  is  impoffible  that  the 
fame  body  fhould,  in  virtue  of  it's  nature,  be  making 
continual  efforts  to  change  it's  motion. 

Thefe  philofophers,  in  attempting  to  maintain*  at 
the  fame  time,  the  true  principle  of  motion,  and  their 
own  abfurd  opinion,  have  fallen  into  felf-contradic- 
tion,  and  thereby  fubverted  their  own  fyftem.  It  is, 
therefore,  placed  beyond  the  reach  of  difpute,  that 
our  principle  is  founded  in  the  very  nature  of  body, 
and  that  whatever  is  contrary  to  it  ought  to  be  ba- 
nifhed  from  (bund  philofophy :  and  this  fame  prin- 

ciple 
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ciple  enables  us  to  clear  it  of  certain  fubtilties  in 
which  it  has  been  involved. 

This  principle  is  commonly  expreffed  in  the  tWQ 
following  propofitions :  Firft ;  A  body  once  at  reft  will 
remain  eternally  at  reft,  unlefs  it  be  put  in  motion  byfome 
external  or  foreign  caufe :  Secondly ;  A  body  once  in 
motion  will  preferve  it  eternally,  in  the  fame  direction, 
itnd  with  the  fame  velocity  ;  or  will  proceed  with  an  uni- 
form motion,  in  a  ftraight  line,  unlefs  it  is  diflurbed  by 
fome  external,  or  foreign  caufe.  In  thefe  two  propofi- 
tions confifts  the  foundation  of  the  whole  fcience  of 
motion,  called  mechanics. 

\th  November >  1 760. 
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Of  the  Inertia  of  Bodies :  Of  Powers. 

\  S  we  fay,  that  a  body,  fo  long  as  it  is  at  reft,  re- 
«**■  mains  in  the  fame  ftate,  fo  we  likewife  fay  of  z 
body  in  motion,  that  as  long  as  it  moves  in  the  fame 
dire&ion,  and  with  the  fame  velocity,  it  remains  in 

r 

the  feme  ftate.  To  continue  in -the  fame  ftate,  then, 
fignifies  nothing  more  than  to  remain  at  reft,  or  to 
preferve  the  fame  motion. 

This  manner  of  fpeaking  has  been  introduced  for 
the  purpofe  of  expreflmg  more  fuccin&ly  our  grand 
principle,  that  every  body,  in  virtue  of  it's  nature, 
preferves  itfclf  in  the  fame  ftate,  till  an  extraneous 
caufe  come  to  difturb  it,  that  is,  to  put  the  body  in 
motion  when  at  reft,  or  to  derange  it's  motion. 

It 
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It  muft  not  be  imagined  that  a  body,  in  order  to 
preferve  the  fame  ftate,  muft  remain  in  the  fame 
place  >  this,  indeed,  is  the  cafe  when  the  body  is  at 
reft ;  but  when  it  moves  with  the  fame  .velocity,  and 
in  the  fame  dire&ion,  we  fay,  equally,  that  it  conti- 
nues in  the  fame  ftate,  though  it  is  every  inftant 
changing  it's  place.  It  was  necefiary  to  make  this 
remark,  to*  prevent  the  poffibility  of  confounding 
change  of  place  with  that  of  ftate.  If  it  be  now 
aJtked,  Why  bodies  continue  in  the  fame  ftate  ?  The 
anfwer  muft  be,  that  this  is  in  virtue  of  their  pecu* 
liar  nature. 

All  bodies,  in  as  far  as  they  are  compofed  of  mat- 
ter, have  the  property  of  remaining  in  the  fame 
ftate,  if  they  are  not  drawn  out  of  it  by  fome  exter- 
nal caufe.  This,  then,  is  a  property  founded  on  the 
nature  of  bodies,  by  which  they  endeavour  to  pre- 
ferve themfelves  in  the  fame  Jiate^  whether  of  reft  or 
motion.  This  quality  with  which  all  bodies  are  en- 
dowed, and  which  is  efTential  to  them*  is  called  iner* 
tia>*  and  it  enters  as  neceflarily  into  their  conftitu? 
tion  as  extenfion  and  impenetrability ;  to  fuch  a  der 

*  We  have  already  in  common  ufe,  in  our  own  language,  the 
adjective  inert,  and  the  adverb  biert.lt/ %  and  their  meaning  is  gene- 
rally understood.  But  hitherto  no  author  of  name,  except  in  works 
of  philofophy,  has  ventured  to  introduce  the  correfpondent  fub- 
ftantive  noun  into  general  compoiition,  much  lefs  to  clothe  it  with 
an  Englifh  form.  The  Latin  term  inertia  is,  therefore,  retained  in 
this  tranflation.  The  linguift  and  the  philoibpher  need  no  inter- 
pretation. The  unlearned  reader  is  referred  to  what  Mr.  Euler 
fays  in  the  context,  or  to  the  explanation  of  foreign  and  fcientifia 
terms  affixed  to  this  work. — E.  E. 

gree, 
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gree,  that  it  would  be  impoilible  for  a  body  to  exift* 
divefted  of  this  inertia. 

This  term  was  firft  introduced  into  philofbphy  by 
thofe  who  maintained  that  all  bodies  have  a  propen-* 
fity  to  reft.  They  confidered  bodies  as  fomewhat  re- 
fembling  indolent  perfons,  who  prefer  reft  to  exer- 
tion, and  afcribed  to  bodies  an  averfion  to  motion, 
fimilar  to  that  which  fluggards  have  for  labour ;  the 
term  inertia  fignifying  nearly  the  fame  thing  as  flug- 
gifhnefs.  But  though  the  falfenefs  of  this  opinion 
has  been  fince  dete&ed,.  and  though  it  is  certain  that 
bodies  remain  equally  in  their  ftate  of  motion,  as  in 
that  of  reft,  yet  the  term  inertia  has  been  ftill  re- 
tained to  denote  in  general  the  property  of  all  bo- 
dies to  continue  in  the  fame  ftate,  whether  of  reft  or 
of  motion.* 

The  exaft  idea  of  inertia,  therefore,  is  a  repugnance 
to  every  thing  that  has  a  tendency  to  change  the 
ftate  of  bodies  ;  for  as  a  body,  in  virtue  of  it's  na- 
ture,  preferves  the  fame  ftate  of  motion,  or  of  reft, 
and  cannot  be  drawn  out  of  it  but  by  external  caufes, 
it  follows  that,  in  order  to  a  body's  changing  it's 

*  The  diftinguifhing  property  of  inanimate  matter  is  it's  abfo- 
lute  paflivenefs  or  want  of  difpofition  to  change  it's  ftate,  whether 
that  of  reft,  or  of  motion.  The  term  inertia  is  improper,  iince  it 
conveys  an  idea  of  fluggifhnefs,  or  a  reluctance  to  be  put  in  mo- 
tion ;  whereas  bodies  are  obedient  to  the  fmalleft  impulfe,  and  the 
action  generated  is  ever  proportioned  to  the  force.  The  expreflion 
vis  inertia,  commonly  ufed,  is  really  a  contradiction  of  terms. 
Indeed,  it  would  be  no  difTervice  to  natural  philofophy,  if  the  law 
that  "  action  and  re-aftion  are  equal  and  oppose,"  were  entirely 
omitted.— E*  E* 

ftate, 
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ftate,  it  mull  be  forced  out  of  it  by  fbme  external 
caufe :  without  which  it  would  always  continue  in 
the  fame  ftate.  Hence  it  is,  that  we  give  to  this  ex- 
ternal caufe  the  name  (A  power  or  force*  It  is  a  term 
in  common  ufe,  though  many  by  whom  it  is  em* 
ployed  have  but  a  very  imperfeft  idea  of  it* 

From  what  I  have  juft  faid  you  will  fee  that  the 
word  force  fignifies  every  thing  that  is  capable  ot 
changing  the  ftate  of  bodies.  Thus>  when  a  body 
which  has  been  at  reft  is  put  in  motion,  it  is  a  force 
which  produces  this  efFeft ;  and  when  a  body  in  mo* 
tion  changes  it's  dire&ion,  or  velocity,  it  is  likewife 
a  force  which  produces  this  change.  Every  change 
of  diredion,  or  of  velocity,  in  the  motion  of  a  body, 
requires  either  an  increafe  or  a  diminution  of  force* 
Such  force,  therefore,  is  always  out  of  the  body 
whofe  ftate  is  changed ;  for  we  have  feen  that  a  body 
left  to  itfelf,  preferves  always  the  fame  ftate,  unlefs  a 
force  from  without  afts  upon  it. 

Now,  the  inertia  by  which  a  body  tends  to  pre-* 
ferve  itfelf  in  the  fame  ftate,  exifts  in  the  body  itfelf, 
and  is  an  effential  property  of  it :  when,  therefore, 
an  external  force  changes  the  ftate  of  any  body,  the 
inertia  which  would  maintain  it  in  the  fame  ftate, 
oppofes  itfelf  to  the  a&ion  of  that  force ;  and  hence 
we  comprehend,  that  the  inertia  is  a  quality  fufcep* 
tible  of  meafurement,  or  that  the  inertia  of  one  body- 
may  be  greater  or  lefs  than  that  of  another  body- 
But  bodies  are  endowed  with  this  inertia  in  as  far 
as  they  contain  matter.  It  is  even  by  the  inertia,  or 
the  refiftance  which  they  oppofe  to  every  change  of 

ftate, 
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ftate,  that  we  judge  of  the  quantity  of  a  body ;  the 
inertia  of  a  body,  accordingly,  is  greater  in  propor- 
tion to  the  quantity  of  matter  which  it  contains. 
Hence  we  conclude,  that  it  requires  a  greater  force 
to  change  the  ftate  of  a  great  body,  than  that  of  a 
finall  one  $  and  we  go  on  to  conclude,  that  the  great 
body  contains  more  matter  than  the  fmall  one.  It 
may  even  be  affirmed  that  this  iingle  circumftance* 
the  inertia ^  renders  matter  fenfible  to  us. 

It  is  evident,  then,  that  the  ihert{a  is  fttfceptible  of 
measurement  *  and  that  it  is  the  fame  with  the  quan- 
tity of  matter  which  a  body  contains :  as  we  deno- 
minate, likewife,  the  quantity  of  matter  in  a  body* 
it's  mafs,  the  meafure  of  the  inertia  is  the  fame  as 
that  of  the  ma,ft. 

To  this,  then,  is  reduced  Our  knowledge  of  bodie* 
in  general.  Firft,  we  know,  that  all  bodies  have  an 
extenfion  of  three  dimenfions  $  fecondly,  that  they 
are  impenetrable;  and  hence  refults  their  general 
property*  known  by  the  name  of  inertia^  by  wiiid* 
they  preferve  themfelves  in  their  ftate  $  that  is,  when 
a  body  is  at  reft,  by  it's  inertia  it  remains  fo ;  and 
When  it  is  in  motion^  it  is  likewife  by  it's  inertia  that 
it  continues  to  move  with  the  fame  velocity,  and  in 
the  fame  dire&ion;  and  this  prefervation  of  the 
fame  ftate  lafts  till  fome  external  caufe  interpofc  to 
produce  a  change  in  it.  As  often  as  the  ftate  of  * 
body  changes,  we  muft  never  look  for  the  caufe  of 
fuch  change  in  the  body  itfelf ;  it  exifts  always  out 
of  the  body,  and  this  is  the  juft  idea  which  we  muft 
form  of  a  power  <jr  force* 

%th  November,  1 760. 
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LETTER    LXXV. 

Changes  which  may  take  place  in  the  State  of  Bodieh 

THE  fundamental  principle  of  mechanics,  with 
the  idea  of  inertia^  which  I  have  endeavoured 
to  explain,  enables  us  to  reafon  on  folid  ground  re-* 
fpefting  various  phenomena  prefented  to  us  in  na* 
tUre.  On  feeing  a  body  in  motion,  which  fhould 
proceed  uniformly  in  a  ftraight  line,  that  is,  which 
fliould  preferve  the  fame  diredion,  and  the  fame  ve- 
locity, we  would  fay,  that  the  caufe  of  this  continu- 
ation of  motion  is  not  to  be  found  out  of  the  body, 
but  that  it  is  founded  in  it's  very  nature,  and  that, 
in  virtue  of  it's  inertia^  it  remains  always  in  the  fame 
ftate ;  as  we  would  fay,  were  the  body  at  reft,  that 
this  took  place  in  virtue  of  it's  inertia. 

We  would  likewife  be  right  in  faying  that  this 
body  undergoes  no  action  from  any  external  caufe ; 
or,  if  any  fuch  exifted,  that  thefe  powers  reciprocally 
deftroyed  each  other  in  fuch  a  manner  that  the  body 
is  in  the  ftate  in  which  it  would  be  if  no  force  a&ed 
upon  it. 

If  it  is  afked,  then,  Why  the  body  continues  to 
move  in  this  manner  ?  The  anfwer  is  obvious.  But 
if  it  is  afked,  Why  this  body  has  begun  thus  to 
move  ?  The  queftion  is  totally  different.  It  muft  be 
faid,  that  this  motion  has  been  impreffed  upon  it  by 
fome  external  force,  if  it  was  before  at  reft  J  but  it 
would  be  impoffible  to  affirm  any  thing  with  cer- 
tainty 
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tainty  refpe&ing  the  quantity  of  that  force,  becaufe, 
perhaps,  no  traces  of  it  remain.  It  is,  therefore,  , 
abundantly  ridiculous  to  afk,  Who  impreiffed  motion 
on  every  body  at  the  beginning  of  the  world  ?  Or, 
Who  was  the  prime  mover  ?  /  Thofe  ,  who  put  the 
queftion  admit,  then,  a  beginning,  and,  confequently, 
a  creation ;  but  they  imagine  that  God  created  all 
bodies  at  reft.  Now,  it  may  be  anfwered,  That  he 
who  could  create  bodies  could  imprefs  motion  upon 
them.  I  afk  them,  in  my  turn,  If  they  believe  it  to 
be  more  eafy  to  create  a  body  at  reft  than  in  motion? 
They  both  equally  require  the  omnipotence  of  God, 
and  this  queftion  belongs  not  to  the  province  of  phi- 
lofophy. 

But  when  a  body  has  once  received  motion,  it 
preferves  that  motion  by  it's  own  nature,  or  by  it's 
inertia,  in  the  fame  ftate  in  which  it  muft  conftantly 
remain,  utitil  a  force,  or  fome  foreign  caufe,  oppofe 
an  obftacle  to  it.  As  often,  then,  as  we  obferve  that 
a  body  does  not  remain  in  the ,  fame  ftate,  that  a 
body  at  reft  begins  to  move,  or  that  a  body  ii*  mo- 
tion changes  it's  direction,  or  velocity,  we  muft  ad- 
mit  that  this  change  has  it's  caufe  out  of  the  body, 
and  that  it  is  occafioned  by  a  foreign  force.  '  Thus, 
as  a  ftone,  left  to  itfelf,  defcends,  the  caufe  of  that 
defcent  is  foreign  to  the  body,  and  it  is  not  from  it's 
own  nature  that  the  body  defcends,  but  from  the  ef- 
fect of  a  foreign  caufe,  to  which  we  give  the  name 
of  gravity. 

Gravity,  then,  is  not  an  intrinfic  property  of  body; 
.     Vol.  L  U  it 
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it  is  rather  the  effect  of  a  foreign  force,  the  fourcc  of 
which  muft  be  fought  for  oiit  of  the  body.     This  is 
geometrically  tnie,  though  we  know  not  the  foreign 
forces  which  occafion  gravity;     It  is  the  fame  when 
we  throw  a  ftone*     We  fee  clearly,  that  it  does  not 
follow,  in  it's  motion,  the  dire&ion  of  a  ftraight 
line,  and  that  it's  velocity  does  nbt  always  continue 
the  fame.     It  is  gravity,  likewife,  which  changes  the 
direction  or  the  velocity  of  the  body ;  but  for  it* 
the  ftone  would  defcribe  a  ftraight  line  in  the  air* 
and  proceed  forward  with  the  fame  velocity ;  and 
were  gravity  to  be  fuddenly  annihilated,  during  the 
motion  of  the  ftone,  it  would  continue  to  move  in  a 
ftraight  line,  and  would  preferve  the  fame  dire&ion, 
and  the  {ante  velocity,  which  it  had  at  the  inftant 
when  gravity  ceafed  to  a&  upon  it. 

But  as  gravity  a&s  continually,  and  upon  all  bodies, 
we  need  not  be  furprized,  that  we  meet  with  no  mo- 
tion in  which  the  direftion  and  the  velocity  continue 
the  fame.  The  cafe  of  reft  may  very  well  take  place; 
it  is  when  fomething  invincibly  oppofes  the  fall  of  a 
body  ;  thus  the  floor  of  my  apartment  prevents  my 
falling  into  that  below  it.  But  the  bodies  which  ap- 
pear to  us  at  feft,  are  carried  along  by  the  motion  of 
the  earth,  which  is  neither  rectilinear  nor  uniform  ; 
it  cannot  be  affirmed,  therefore,  that  thefe  bodies  re- 
main in  the  fame  ftate.  Neither  is  there  one  of  the 
heavenly  bodies  which  moves  in  a  ftraight  line,  and 
always  with  the  fame  velocity :  they  are  continually 
changing  their  ftate  j  and  even  the  forces  which  pro- 
duce 
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duce  this  continual  change  are  not  unknown  to  us ; 
they  are  •  the  attractive  powers  which  the  heavenly 
bodies  exercife  over  one  another. 

I  have  already  remarked*  that  thefe  forces  may, 
very  probably,  be  caufed  by  the  fubtile  matter  which 
furrounds  all  the  heavenly  bodies,  and  fills  the  whole 
fpace  of  the  heavens ;  but,  according  to  the  opinion 
of  thofe  who  confider  attraction  as  a  power  inherent 
in  matter,  this  force  is  always  foreign  to  the  body  on 
which  it  afts.  Thus,  when  we  fay  the  earth  is  at- 
tracted toward  the  fun,  it  is  acknowledged,  that  the 
force  which  a£ts  upon  the  earth  is  not  refident  in  the 
earth  itfelf,  but  in  the  fun ;  as  in  fa£t,  if  the  fun  did 
not  exift,  there  would  be  no  fuch  force. 

This  opinion,  however,  that  attraction  is  effential 
to  all  matter,  is  fubjeCt  to  fo  many  other  inconveni- 
ences, that  it  is  hardly  poffible  to  allow  it  a  place  in  a 
rational  philofophy.  It  is  certainly  much  fafer  to 
proceed  on  the  idea,  that  what  is  called  attraction,  is 
a  power  contained  in  the  fubtile  matter  which  fills 
the  whole  fpace  of  the  heavens ;  though  we  cannot 
tell  how.  We  muft  accuftom  ourfelves  to  acknow- 
ledge our  ignorance  on  a  variety  of  other  important 
fubjeCts. 

1  lib  November,  1760. 
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1 

Syjlem  of  the  Monads  of  Wolff. 

BEFORE  I  attempt  to  make  you  fenfible  of  the 
truth  of  the  principle,  that  all  bodies,  of  them*, 
felves,  always  pjeferve  the  fame  ftate  of  reft,  or  mo- 
tion, I  muft  remark,  that  if  we  confult  experience 
only  on  the  fubjeft,  -vidthout  thoroughly  inveftigating: 
it  by  the  powers  of  reafoning,  we  would  be  difpofed 
to  draw  the  dire&ly  oppofite  conclufion,  and  to  main-* 
,t&in,  That  bodies  always  have  a  propenfity  to  be  con- 
tinually changing  their  ftate ;  as  we  fee  nothing  in 
the  whole  univerfe,  but  a  perpetual  change  in  the 
ftate  of  bodies.  But  we  have  juft  fhewn  what  are 
the  caufes  which  produce  thefe  changes,  and  we  are 
allured,  that  they  are  not  to  be  found  in  the  bodies 
whofe  ftate  is  changed,  but  out  of  them. 

The  principle,  then,  which  we  have  eftablifhed,  is 
fo  far  from  being  contradicted  by  experience,  that  it 
is,  on  the  contrary,  confirmed  by  it.  You  will  eafily 
judge  from  this,  how  feveral  great  philofophers,. 
milled  by  an  experience  not  accurately  underftood* 
have  fallen  into  the  error  of  maintaining,  That  all 
bodies  are  endowed  with  powers,  difpofing  them 
continually  to  change  their  ftate. 

It  is  thus  that  Wolff  has  reafoned.  He  fays  :  '  1*  Ex- 
perience fhews  us  all  bodies  perpetually  changing 
their  ftate ;  2.  Whatever  is  capable  of  changing  the 
ftate  of  bodies,  is  called  force }  3.  All  bodies,  there- 
fore, 
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fore,  are  endowed  with  a  force  capable  of  changing 
their  ftate ;  4.  Every  body,  therefore,  is  making  a 
continual  effort  to  change ;  5.  Now,  this  force  be* 
longs  to  body,  only  fo  far  as  it  contains  matter ;  6.  It 
is,  therefore,  a  property  of  matter  to  be  continually 
changing  it's  own  ftate  ;  7.  Matter  is  a  compound  of 
a  multitude  of  parts,  denominated  the  elements  of 
matter ;  therefore,  8.  As  the  compound  can  have  no- 
thing but  what  is  founded  in  the  nature  of  it's  ele- 
ments, every  elementary  part  muft  be  endowed  with 
the  power  of  changing  it's  own  ftate. 

Thefe  elements  are  fimple  beings ;  for  if  they  were 
compofed  of  parts,  they  would  be  no  longer  elements^ 
but  their  parts  would  be  fo.  Now,  a  fimple  being  is 
likewife  denominated  monad  \  every  monad,  there- 
fore, has  the  power  of  continually  changing  it's  ftate. 
Such  is  the  foundation  of  the  fyftem  of  monads, 
which  you  may  have  heard  mentioned,  though  it 
does  not  now  make  fuch  a  noife  as  it  formerly  did. 
I  have  marked  by  figures  the  feveral  propofitions  on 
which  it  is  eftablifhed,  for  the  purpofe  of  making  a 
more  diftinft  reference,  in  the  refle&ions  I  mean  to 
make  upon  them. 

I  have  nothing  to  fay  refpe&ing  the  firft  and  fe- 
cond ;  but  the  third  is  very  equivocal,  and  altogether 
falfe,  in  the  fenfe  in  which  it  is  taken.  Without 
meaning  to  fay,  that  the  forces  which  change  the 
ftate  of  bodies,  proceed  from  fome  fpirit,  I  readily 
agree,  that  the  force,  by  which  the  ftate  of  every  body 
is  changed,  fubfifts  in  body,  but,  it  being  always  un- 
derftood,  that  it  fubfifts  in  another  body,  and  never 

U  3  in 
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in  that  which  undergoes  the  change  of  ftate  ;  which 
has  rather  the  contrary  quality,  that  of  perfever- 
ing  in  the  fame  ftate.  In  fo  far,  then,  as  thefe  forces 
fubfift  in  bodies,  it  ought  to  be  faid,  that  thefe  bodies, 
as  long  as  they  have  certain  connections  with  each 
other,  may  be  capable  of  fupplying  forces  by  which 
the  ftate  of  another  body  is  changed.  It  follows, 
that  the  fourth  propofition  muft  be  abfolutely  falfe  ; 
and  the  refult,  from  all  that  went  before,  rather  is, 
that  every  body  is  endowed  with  the  power  of  re- 
maining in  the  fame  ftate,  which  is  dire&ly  the  op* 
polite  of  the  conclufion  which  thefe  philofopher s  have 
drawn. 

And  I  muft  here  remark,  that  it  is  rather  abfurd 
to  give  the  name  of  force  to  that  quality  of  bodies 
by  which  they  remain  in  their  ftate ;  for  if  we  are 
to  underftand  by  the  term  force  every  thing  that  is 
capable  of  changing  the  ftate  of  bodies,  the  quality 
by  which  they  perfevcre  in  their  ftate,  is  rather  the 
oppofite  of  a  force.  It  is,  therefore,  by  an  abufe  of 
language,  that  certain  authors  give  the  name  of  force 
to  the  inertia^  which  is  that  quality,  and  which  they 
denominate  the  inert  force. 

But,  not  to  wrangle  about  terms,  though  this  abufe 
may  lead  to  very  grofs  errors,  I  return  to  the  fyftem 
of  monads :  and  as  propofition  4,  is  falfe,  thofe  that 
follow,  which  are  fucceffively  founded  upon  it,  muft 
of  neceflity,  be  fo  too.  It  is  falfe,  then,  likewife,  that 
the  elements  of  matter,  or  monads,  if  fuch  there  I 
are  poffeflbd  of  the  power  of  changing  their  fta*-~* 
The  truth  is  rather  to  be  founded  in  the  opp0f:t  % 

quality, 
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quality,  that  of  perfevering  in  the  fame  ftate ;  and 
thereby  the  whole  fyftem  of  monads  is  completely 
fubverted, 

Thefe  philofophers  attempted  to  reduce  the  ele- 
ments of  piatter  to  the  clafs  of  beingsy  which  Com- 
prehends fpirits  and  fouls,  endowed,  beyond  the 
power  of  contradiction,  with  the  faculty  of  changing 
their  ftate  ;  for,  while  I  am  writing,  my  foul  conti- 
nually reprefents  other  objefts  to  itfelf,  and  thefe 
changes  depend  entirely  on  my  will:  I  am  thoroughly 
convinced  of  it,  and  not  the  lefs  fo,  that  I  am  maf- 
ter  of  my  own  thoughts ;  whereas  the  changes  which 
take  place  in  bodies,  are  the  effect  of  an  extraneous 
force.  ' 

Add  to  this,  the  infinite  difference  between  the 
ftate  of  body,  capable  only  of  one  velocity  and  of  one 
direction,  and  the  thoughts  of  fpirit,  and  you  will 
be  entirely  convinced  of  the  falfehood  of  the  fenti- 
ments  of  the  materialifts,  who  pretend  that  fpirit  is 
only  a  modification  of  mattqr.  Thefe  gentlemen 
have  no  knowledge  of  the  real  nature  of  bodies. 

\$th  November,  1760. 
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Origin  and  'Nature  of  Powers. 

IT  is,  undoubtedly,  very  furprizing,  that,  if  every 
body  has  a  natural  difpofition  to  preferve  itfelf 
in  the  fame  ftate,  and  even  to  oppofe  all  change,  all 
the  bodies  in  the  univerfe  fliould,  neverthelefs,  be 

U  4  continually 
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continually  changing  their  ftatc.  We  are  well  allured* 
that  this  change  can  be  produced  only  by  a  forcQ 
not  refident  in  the  body  whofe  ftate  is  changed.. 
Where,  then,  mull  we  look  for  thofe  powers,  which 
produce  the  mediant  changes  that  take  place  in  all 
the  bodies  of  the  juniverfe ;  and  ^hich  are,  neverthe- 
lefs,  foreign  to  body  ? 

Muft  we  then  fuppofe,  befides  thefe  exifting  bodies, 
particular  beings  which  contain  thofe  powers  ?  Or, 
are  the  powers  themfelves  particular  fubftances  exift?. 
ing  in  the  world  ?  We  know  but  of  two  kinds  of. 
beings  in  it,  the  one  which  comprehends  all  bodies* 
and  the  other  all  intelle&ual  beings,  namely,  the 
fpirits  and  fouls  of  men,  and  thofe  of  animals.  Muft. 
we  eftablifli,  then,  in  the  world,  befides  body  and 
fpirits,  a  third  fpecics  of  beings,  under  the  name  of 
power,  or  force  ?  Or,  are  they  fpirits  which  inceffantly 
change  the  flate  of  bodies  ? 

Both  of  thefe  labour  under  too  many  difficulties 
to  be  haftily  adopted.  Though  it  cannot  be  denied, 
that  the  fouls  of  men,  and  of  beafts,  have  the  power 
of  producing  changes  in  their  bodies,  it  were,  how- 
ever, abfurd  to  maintain,  that  the  motion  of  a  ball, 
on  the  billiard  tabic,  was  retarded  and  deftroyed  by 
fome  fpirit ;  or  that  gravity  was  produced  by  a  fpirit 
continually  preffing  bodies  downward ;  and  that  the 
heavenly  bodies,  which,  in  their  motion,  change  both 
direction  and  velocity,  were  fubjected  to  the  action 
of  fpirits,  according  to  the  fyftem  of  certain  ancient 
philofophers,  who  afiigned  to  each  of  the  heavenly 
bodies,  a  fpirit,  or  angel,  who  directed  it's  courfe. 

Now, 
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Now,  on  reafoning  with  folidity,  refpe&ing  the 
phenomena  of  the  univerfe,  it  muft  be  admitted^ 
that,  if  we  except  animated  bodies,  that  is,  thofe  of 
men  and  beafts,  every  change  of  ftate  which  befalls 
other  bodies,  is  produced  by  merely  corporeal  caufes, 
in  which  fpirits  have  no  ihare.  The  whole  quef- 
tion,  then,  is  reduced  to  this,  Whether  the  forces 

# 

which  change  the  ftate  of  bodies,  exift  feparatefyv 
and  conftitute  a  particular  fpecies.  of  beings,  or  whe- 
ther they  exift  in  the  bodies  ? 

This  laft  opinion  appears,  at  firft  fight,  very  unac- 
countable ;  for  if  all  bodies  have  the  power  of  pre- 
fer ving  thettifelves  in  the  fame  ftate,  how  can  it  be 
poflible  they  fhould  contain  powers  that  have  a  ten- 
dency to  change  it  ?  You  will  not  be  furprized  to 
hear,  that  the  origin  of  force  has,  in  all  ages,  been  a 
ftumbling-block  to  philofophers.  They  have  all  con- 
fidered  it  as  the  greateft  myftery  in  nature,  and  as 
likely  to  remain  for  ever  impenetrable.  I  hope, 
however,  I  {hall  be  able  to  prefent  you  with  a  folu-> 
tion,  fo  clear  of  this  pretended  myftery,  that  all  the 
difficulties  which  have  hitherto  appeared  infurmount- 
able,  ftiall  wholly  variifti. 

I  fay,  then,  that  however  ftrange  it  may  appear, 
this  faculty  of  bodies,  by  which  they  are  difpofed  to 
preferve  themfelves  in  the  fame  ftate,  is  capable  of 
fupplying  powers  which  may  change  that  of  others. 
I  do  not  fay,'  that  a  body  ever  changes  it's  own  ftate, 
but  that  it  may  become  capable  of  changing  that  of 
another.  In  order  to  enable  you  to  get  to  the  bot- 
tom of  this  myftery,  refpe&ing  the  origin  of  forces 

It 
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it  will  be  fufficient  to  confkler  two  bodies,  as  if  no 
others  exifted. 

Let  the  body  A  (plate  TILJig.  4.)  be  at  reft,  and  let 
the  body  B  have  received  a  motion  in  the  dire&ion 
B  A,  with  a  certain  velocity.  This  being  laid  down, 
the  body  A  is  difpofed  to  continue  always  at  reft ; 
and  the  body  B  to  continue  it's  motion  along  the 
ftraight  fine  B  A,  always  with  the  fame  velocity,  and 
both  the  one  and  the  other  in  virtue  of  it's  inertia. 
The  body  B  will,  at  length,  then  come  to  touch  the 
body  A.  What  will  be  the  confequence  ?  As  long  as 
the  body  A  remains  at  reft,  the  body  B  could  not 
continue  it's  motion,  without  paffing  through  the 
body  A,  that  is,  without  penetrating  it ;  it  is  im- 
poffible,  then,  that  each  body  fliould  preferve  itfelf 
in  it's  ftate,  without  the  one's  penetrating  the  other.' 
But  this  penetration  is  impoffible;  impenetrability 
being  a  property  common  to  all  bodies. 

It  being  impoffible,  then,  that  both  the  one  and  the 
other  fhould  preferve  it's  ftate,  the  body  A  muft  ab-. 
folutely  begin  to  move,  to  make  way  for  the  body 

1 

B,  that  it  may  continue  it's  motion ;  or,  that  the 
body  B,  having  come  clofe  to  the  body  A,  muft  have 
it's  motion  deftroyed ;  or,  the  ftate  of  both  muft  be 
changed,  as  much  as  is  neceffary,  to  put  them  in  a 
condition  to  continue,  afterward,  each  in  his  proper 
ftate,  without  mutual  penetration. 

Either  the  one  body,  therefore,  or  the  other,  or 
both,  muft  abfolutely  undergo  a  change  of  their 
ftate,  and  the  caufe  of  this  change,  infallibly  exifts  in 
the  impenetrability  of  the  bodies  themfelves ; .  fince 

every 
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every  caufe,  capable  of  changing  the  ftate  of  bodies, 
is  demonftrated/flra',  it  is  then,  of  neceffity,  the  im- 
penetrability of  the  bodies  themfelves,  which  pro- 
duces the  force,  by  which  this  change  is  effefted. 

In  fact,  as  impenetrability  implies  the  impoffibility, 
that  bodies  fhould  mutually  penetrate,  each  of  them 
oppofes  itfelf  to  all  kpenet  ration,  even  in  the  minuted 
parts  ;  and  to  oppofe  itfelf  to  penetration,  is  nothing 
elfe,  but  to  exert  the  force  neceffary  to  prevent  it. 
As  often,  then,  as  two  or  more  bodies  cannot  pre- 
fer ve  themfelves  in  their  ftate,  without  mutual  pene- 
tration, their  impenetrability  always  exerts  the  force 
neceflkry  to  change  it,  as  far  as  is  requifite,  to  pre- 
vent the  flighteft  degree  of  penetration. 

The  impenetrability  of  bodies,  therefore,  contains 
the  real  origin  of  the  forces,  which  are  continually 
changing  their  ftate  in  this  world :  and  this  is  the 
true  folution  of  the  great  myftery,  which  has  per- 
plexed philofophers  fo  grievoufly. 

iStb  November,  1760. 
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LETTER    LXXVIII. 

The  fame  Subjeft.     Principle  of  the  leafi  pojfible  Attion. 

"X7"OU  have  now  made  very  confiderable  progrefs 
-*•  in  the  knowledge  of  nature,  from  the  explana- 
tion of  the  real  origin  of  the  powers  capable  of 
changing  the  ftate  of  bodies';  and  you  are,  at  pre- 
fent,  in  a  condition  ealily  to  comprehend,  why  all 

thofe 
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thofe  of  this  world  are  fubjeft  to  an  inceflant  change 
of  ftate,  from  reft  to  motion,  or  from  motion  to 
reft. 

Firft,  we  are  certain,  that  the  world  is  filled  with 
matter.  Here  below,  it  is  evident,  th,at  the  fpace 
which  feparates  the  grofs  bodies  fenfible  to  feeling, 
is  occupied  by  the  air,  and  that,  when  we  make  a 
vacuum  in  any  fpace,  the  ether  inftantly  fucceeds, 
and  it,  likewife,  fills  the  fpace  in  which  the  heavenly 
bodies  move.  .  All  fpace  being  thus  full,  it  is  impof- 
fible  that  a  body  in  motion  fhould  continue  it  a  fingle 
inftant,  without  meeting  others,  through  which  it 
muft  pafs,  if  they  were  not  impenetrable.  And,  as 
this  impenetrability  of  bodies  exerts  always,  and  uni- 
verfally,  a  force  which  prevents  all  penetration,  it 
muft  be  continually  changing  the  ftate  of  bodies ;  it  * 
is  not  at  all  furprizing,  then,  that  we  fhould  obferve 
perpetual  changes  in  the  ftate  of  bodies,  though 
every  one  has  a  tendency  to  preferve  itfelf  in  the* 
fame  ftate. 

If  they  could  penetrate  each  other  freely,  nothing 
would  prevent  any  one  from  remaining  perfeveringly 
in  it's  ftate;  but  being  impenetrable,  there  muft 
thence,  neceffarily,  refult  force  fufficient  to  prevent 
all  penetration  ;  and  no  more  refults  than  what  is, 
precifely  needful.    , 

While  they  can  continue  in  the  fame  ftate,  with- 
out any  injury  to  impenetrability,  they  then  exert  no 
force,  and  bodies  remain  in  their  ftate ;  it  is  only  to 
prevent  penetration,  that  impenetrability  becomes 
a&ive,  and  fupplies  a  force  .fuilipent  to  oppofe  it. 

"When, 
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When,  therefore,  a  fmall  force  fuffices  to  prevent  pe- 
netration, impenetrability  exerts  that,  and  no  more  ; 
but  when  a  great  force  is  neceffary  for  this  purpofe* 
Impenetrability  is  ever  in  a  condition  to  fupply  it. 

Thus,  though  impenetrability  fupplies  thefe  powers, 
it  is  impoffible  to  fay,  that  it  is  endowed  with  a  de- 
terminate force ;  it  is  rather  in  a  condition  to  fupply 
all  kinds  of  force,  great  or  finall,  according  to  cir- 
cumftanqes ;  it  is  even  an  inexhauftible  fource  of 
them.  As  long  as  bodies  are  endowed  with  impene- 
trability, this  is  a  fource  which  cannot  be  dried  up  ; 
this  force  abfolutely  muft  be  exerted,  or  bodies  muft 
mutually  penetrate,  which  is  contrary  to  nature. 

It  ought,  likewife,  to  be  remarked,  that  this  force 
is  never  the  effeft  of  the  impenetrability  of  a  fingle 
body ;  it  refults  always  from  that  of  all  bodies  at 
once,  for  if  one  of  the  bodies  was  penetrable,  the 
penetration  would  take  place,  without  any  need  of  a 
power  to  effeft  a  change  in  their  ftate.  When,  there- 
fore, two  bodies  come  into  contaft,  and  when  they 
cannot  continue  in  their  ftate  without  penetrating 
each  other,  the  impenetrability  of  both  ads  equally ; 
and  it  is  by  their  joint  operation,  that  the  force  ne- 
ceflary  to  prevent  the  penetration  is  fiipplied :  we 
then  fay,  that  they  ad  upon  each  other,  and  that  the 
force,  refulting  from  their  impenetrability,  produces 
this  effeft.  This  force  afts  upon  both  of  them  ;  for 
as  they  have  a  tendency  toward  mutual  penetration, 
it  repels  both  the  one  and  the  other,  and  thus  pre- 
vents their  penetratioii. 

It 
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thofe  of  this  world  are  fubjeft  to  an  inceflant  change 
of  ftate,  from  reft  to  motion,  or  from  motion  to 
reft. 

Krft,  we  are  certain,  that  the  world  is  filled  with 
matter.  Here  below,  it  is  evident,  tl\at  the  fpace 
which  feparates  the  grofs  bodies  fenfible  to  feeling, 
is  occupied  by  the  air,  and  that,  when  we  make  a 
vacuum  in  any  fpace,  the  ether  inftantly  fucceeds, 
and  it,  likewife,  fills  the  fpace  in  which  the  heavenly 
bodies  move.  All  fpace  being  thus  full,  it  is  impot 
fible  that  a  body  in  motion  fhould  continue  it  a  fingle 
inftant,  without  meeting  others,  through  which  it 
muft  pafs,  if  they  were  not  impenetrable.  And,  as 
this  impenetrability  of  bodies  exerts  always,  and  uni- 
verfally,  a  force  which  prevents  all  penetration,  it 
muft  be  continually  changing  the  ftate  of  bodies  ;  it- 
is  not  at  all  furprizing,  then,  that  we  fhould  obferve 
perpetual  changes  in  the  ftate  of  bodies,  though 
every  one  has  a  tendency  to  preferve  itfelf  in  th& 
fame  ftate. 

If  they  could  penetrate  each  other  freely,  nothing 
would  prevent  any  one  from  remaining  perfeveringly 
in  it's  ftate;  but  being  impenetrable,  there  muft 
thence,  neceffarily,  refult  force  fufficient  to  prevent 
all  penetration  ;  and  no  more  refults  than  what  is 
precifely  needful.    , 

While  they  can  continue  in  the  fame  ftate,  with- 
out any  injury  to  impenetrability,  they  then  exert  no 
force,  and  bodies  remain  in  their  ftate ;  it  is  only  to 
prevent  penetration,  that  impenetrability  becomes 
a&ive,  and  fupplies  a  force  .fufiipent  to  oppofe  it. 

When, 
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When,  therefore,  a  fmall  force  fuffices  to  prevent  pe- 
netration, impenetrability  exerts  that,  and  no  more  ; 
but  when  a  great  force  is  neceflary  for  this  purpofe, 
impenetrability  is  ever  in  a  condition  to  fupply  it. 

Thus,  though  impenetrability  fupplies  thefe  powers, 
it  is  impoffible  to  fay,  that  it  is  endowed  with  a  de- 
terminate force ;  it  is  rather  in  a  condition  to  fupply 
all  kinds  of  force,  great  or  finall,  according  to  cir- 
cumftanqes;  it  is  even  an  inexhauftible  fource  of 
them.  As  long  as  bodies  are  endowed  with  impene- 
trability, this  is  a  fource  which  cannot  be  dried  up  ; 
this  force  abfolutely  muft  be  exerted,  or  bodies  muft 
mutually  penetrate,  which  is  contrary  to  nature. 

It  ought,  likewife,  to  be  remarked,  that  this  force 
is  never  the  effeft  of  the  impenetrability  of  a  fingle 
body ;  it  refults  always  from  that  of  all  bodies  at 
once,  for  if  one  of  the  bodies  was  penetrable,  the 
penetration  would  take  place,  without  any  need  of  a 
power  to  effeft  a  change  in  their  ftate.  When,  there- 
fore, two  bodies  come  into  ccmtaft,  and  when  they 
cannot  continue  in  their  ftate  without  penetrating 
each  other,  the  impenetrability  of  both  ads  equally ; 
and  it  is  by  their  joint  operation,  that  the  force  ne- 
ceflary to  prevent  the  penetration  is  fopplied :  we 
then  fay,  that  they  ad  upon  each  other,  and  that  the 
force,  refulting  from  their  impenetrability,  produces 
this  effeft.  This  force  afts  upon  both  of  them  ;  for 
as  they  have  a  tendency  toward  mutual  penetration, 
it  repels  both  the  one  and  the  other,  and  thus  pre- 
vents their  penetratioii. 

It 
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netrability  of  bodies :  and  the  other  fpiritual,  which 
the  fouls  of  animals  exercife  over  their  bodies  :  but 
this  laft  power  operates  only  upon  animated  bodies  j 
and  the  Creator  has  fo  clearly  diftinguifhed  it  from 
the  other,  that  it  is  not  permitted,  in  philofophy,  to 
confound  them. 

.  But  this  diftin&ion  greatly  embarraffes  thofe,  who 
confider  attraction  as  an  inherent  quality  of  bodies  ; 
for,  if  they  aft  upon  each  other,  only  to  maintain 
their  impenetrability/;  attraction  cannot  be  referred 
to  this  cafe.  Two  diftant  bodies  may  preferve  each 
it's  ftate,  without  at  all  interefting  their  impenetra- 
bility, and  without  there  being  any  reafon,  of  con- 
fequence,  why  the  one  fhould  aft  upon  the  other, 
even  by  attracting  it. 

Attraction,  therefore,  ought  to  be  referred  to  a 
third  fpecies  of  power,  which  fhould  be  neither  cor- 
poreal  nor  fpiritual.  But  it  is  always  contrary  to 
the  rules  of  a  rational  philofophy  to  introduce  a  new 
fpecies  of  powers,  before  their  exiftertce  is  incontef-  - 
tably  demonftrated.  It  would  have  been  neceflary^ 
therefore,  for  this  effect,  to  have  proved,  beyond 
contradiction,  that  the  powers  by  which  bodies  mu- 
tually attract,  could  not  derive  their  origin  from  the 
fubtile  matter  which  furrounds  them ;  but  this  im- 
poffibility  is  not  yet  demonftrated.  It  would  appear, 
on  the  contrary,  that  the  Creator  has  exprefsly  filled 
'  the  whole  fpace  of  the  heavens  with  a  fubtile  matter^ 
to  give  birth  to  thefe  powers,  which  impel  bodies  to- 
ward each  other,  conformably  to  the  law,  before 
eftablifhed,  refpecting  their  impenetrability. 

2  IlX 
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In  faft,  the  fubtile  matter  might  very  well  have  a 
motldn  fuch  as  that  a  body  in  it  fhould  not  be  able 
to  preferve  it's  ftate,  without  being  penetrated  by 
it ;  and  then  this  force  muft  be  derived,  as  well  from 
the  impenetrability  of  the  fubtile  matter,  <ad  from 
that  of  the  body  itfelf* 

Were  there  a  fingje  cafe  in  the  world,  in  which 
two  bodies  attrafted  each  other,  while  the  intermeJ 
c&ate  fpace  was  not  filled  with  a  fubtile  matter,  thd 
reality  of  attraftion  might  very  well  be  admitted  J 
but  as  110  fach  cafe  exifts,  we  have,  ccmfequently, 
reafon  to  doubt^  nay,  even  to  rejeft  it.  We  knowj 
then,  but  two  fotirces  of  aH  the  powers  which  pro-* 
duce  thefe  changes,  the  impenetrability  of  body^ 
arid  tfic  aftkm  of  fpirit* 

The  difcipies  of  Wolff  rejeft,  Kkewife,  this  law*  and 
mai^ain,  That  na  fpirk,  or  immaterial  fijbftanee* 
can  aft  upon  a  body  j  an(i  they  are  very  much  em-* 
barr&fTed*  when  it  is  alleged,  that i  according  to  thefti* 
God  himfelf,  who  is: a  fpirk  j  Could  not  have  thd 
power  of  afting  upon  bodies,  which  ikvours  ftrongly 
of  atheifiru  They  are,  accordingly,  reduced  to  this 
feeble  reply,  that  it  is  by  infinity  God  is  able  to  aft 
upc«j  body  \  but  if  it*  be  impoffible  for  a  fpirk,  as  a 
Ipirit,  ta  aft  upon?  a.body,  this  impotence  necefiarily 
recoils  on  God  hiihfelf. N!  \  And  who  can  deny,  that 
our  foul  afts  upon  our.  body  ?  I  am  to  fuch  a  degree 
pfrafter  of  my  members,  that  I  can!  put  them  in  ac- 
tion as  I  pfeafe.  The  feme  thing  may  be  affirmed* 
Ukewife,  of  tlher  brute  creation }  and  as,  according 
to  the  fyftein-  of  :Def  cartel  at  which  we  have  good 

Vol.  I.  X  reafon 
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reafon  to  fmile,  beafts  are  mere  machines,  without 
apy  feeling,  like  a  watch,  as  the  Wolfians  would  have 
it,  men  too  are  merely  machines.  - 

Thcfe  fame  philofophers,  in  their  {peculations,  go, 
likewife,  fo  far  as  to  deny  the  firft'fpecies  of  powers, 
of  which  they  know  nothing.  For,  not  ■  being  able 
to  comprehend  how  one •  body  afts  upon  another, 
they  boldly  deny  it's  aftion,  and  maintain,  that  all 
the  changes  which  befall  a  body,  are  produced  hy  it's 
own  powers. 

They  are  the  philofophers  whom  I  formerly  men- 
tioned, as  denying  the  firft  principle  of  mechanics, 
refpefting  the  prefervation  of  the  fame  ftate,  which 
is  fufficient  to  fubvert  their  whole  fyftem.  The  er- 
ror into  which  they  have  fallen,  as  I  have  already 
remarked,  arifes.  from  their  reasoning  incondufively 
refpefting  the  phenomena  which  bodies  prefent  to 
us.  They  concluded  precipitately,  from  obferving 
almoft  all  bodies  continually  changing  their  ftate, 
that  they  contained  in  themfelves  the  powers,  by 
which  they  inceffantly  exert  themfelves  to  change  it* 
whereas  they  ought  to  have  drawn  the  dire&ly  op- 
polite  conclufion.  .       ^      . 

It  is  thus,  that,  by  confidering  objefts  in  a  fuper- 
ficial  manner,  we  hurry  into  the  groffeft  errors.  I 
have  already  pointed  out  the  defe&s  of  this  reafon- 
ing ;  but,  once  fallen  into  error,  they  have  abandon-  \ 
ed  themfelves  to  the  moft  abfurd  ideas.  They,,  firft, 
afcribed  thefe  internal  powers  to  the  primary  ele- 
ments of  matter,  which,  according  to  them,  are  con- 
tinual efforts  to  change  their  ftate,  and  concluded 

.  v  .  •  from 
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frofn  it,.that.all  the  changes  to  which  every  element 
is  fubjeded,  are  produced  by  it's  own  power,  and 
that  two  elements,  or  fimple  beings,  cannot  ad  upon 
each  other.  .This  being  laid  down,  it  was  jieceffary 
to  diyeft  fpirits,  as  .fimple  beings,  of  all  power  of  ad- 
|ng  up0n  body,  excepting, .  however,  the  Supreme 
Being  ^  and  then,  as  bodies  are  compofed  of  fimple 
beings,  they  were  under  the  neceflity.  of  denying, 
alfo,  that  bodies  could  ad  upon  each  pt her. 

It  was  in  vain  to  objed  to  them,  the  c&fe  of  bodies 
which  cfcih,  and  the  cjiwge  of  their  flats,  which, re- 
fults  frofft.it.  Obftinatelypr^poffefled  in  favour  of 
the  folidityi  of  their  reafQning,:  they  fcorned  to  aban- 
don it :  they  chofe  rather  to  affirm,  t&at  every  body, 
from  it's  own  nature,  vprpduc£3  theqhange  which  be- 
falls it,  land  that  the  collifon  haa  nothing  to  do  with 
it ;  that;  it  is  a  mere  illufion  which  makes  us  believe 
the  collifon  to  be  the  caufe  of  it ;  and  they  go  off  iii 
triumph  at  the  fublimity  of  a  philosophy,  fo  far  ber 
yond  the-  copiprehenfionLof  the  vulgar.  v  You  are 
no  w  in  a  condition  to  eftimate  it,  according  to  it'$ 
Tjpal  importance. 

2  $tb  November,  1760.  '■• 

LETTER    LXXX. 

Of  the  Nature  of  Spirits. 

T. FLATTER  myfelf,  that  you  are  now  convinced 
-*•  of  the.folidity  of  the  reafonings,  on  which  I  have 
eftablifhed  the  knowledge  of  bodies,  and  that  of  the 

Xa  ,  powers 
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powers  which  change  the  ftate  of  them.  The  whole 
is  founded  on  experiment*  the  moft  dedfhne,  and  <* 
principles  di&ated  by  reafc*.  They  involve  no  ab- 
surdity, nor  are  they  contradicted  by  other  principle^ 
equally  certain*  k  is  not  long  fince  any  fcccc&iai 
progrcfr  was  made  in  re&ar  ches  of  this  kind*  Stock 
ftvange  ideas  were*  formerly,  entertained  reJpe&iag 
the  nature  of .  bodies,  that  aft  kinds  of  powers,  irw 
afcribed  to  them,  of  which  feme  muft  necefl&urfly  d»» 
ftroy  the  others* 

Certain  philofbphers  har*e  even  gone  fo  for,  m  to 
imagine,  that  matter  itfelf  might  be  endowed  with 
the  faculty  of  thought.  Thefe  gentlemen,  known 
by  the  name  of  ma$eriali/ts,  maintain,  that  our  foub^ 
and  aB  fpirits,  ki  general,  afe  material j  or  rather, 
they  deny  the  exiftence  of  fouls  and  fpirks*  Bet 
when  once  we  hare  got  into  the  right  read  to  the 
knowledge  of  bodies  5  the  inertia,  by  virtue  of  winch 
they  continue  in  their  ftate  j  and  rmfenttrabfoty^  that 
quality  by  which  they  are  fubje&ec}  to  powers  car 
pable  of  changing  it  j  att  thofe  phantoms  of  powers^ 
to  which  I  alluded,  vanifli  away,  and  nothing:  appears 
a  more  glaring  abfurdity  than  to  affinpy  that  matter 
is  capable  of  thought.  To  think,  to  judge,  to  rea- 
fon,  to  poffefs  mental  feeling,  to  refleft  and  will,  are 
qualities  incompatible  with  the  nature  of  bodies ;  and 
beings  invefted  with  them,  muft  be  of  a  different  na- 
ture. Such  are  fouls  and  fpirits ;  and  He  who  pok 
feflea  thofe  qualities  in  the  higheft  degree?  is  Go*.  & 

There  is,  then,  an  infinite  difference  between  beefy 
and  fpirit*    Extenfion,  mcrimy  and  impenetrabakity^ 

qualities 
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qualities  which  exclude  all  thought,  aW  the  pro- 
perties of  body :  but  fpirit  is  endowed  with  the  fa- 
culty of  thinking,  of  judging,  of  reafooing,  of  feel- 
ing, of  reflecting,  of  willing,  or  of  determining,  in 
favour  of  one  objeS  preferably  to  another.  There 
is  here  neither  extenfion,  nor  inertia^  nor  impenetra- 
bility ;  thefe  material  qualities  are  infinitely  remote 
from  fpirit. 

It  is  aiked,  What  is  a  fpirit  ?  I  acknowledge  my  ig* 

* 

norance  in  refped  of  this,  and  I  reply,  That  we  cam 
not.  tett  what  it  is,  as  we  know  nothing  tof  the  nature 
of  fpirit* 

But  it  is  not  the  lefs  certain,  that  this  world  con* 
tains  two  kinds  of  beings  ;  beings  corporeal  or  mate- 
rialy  and  beings  immaterial  or  fpiritual*  which  are  of 
a  nature  entirely  different,  as  they  manifeft  them- 
felves  to  us  by  properties  which  have  no  relation  to 
each  other.  Thefe  two  fpecies  of  beings  are,  never- 
thelefs,  moil  intimately  united,  and  upon  their  union, 
principally,  depend  all  the  wonders  of  the  world, 
which  are  the  delight  of  intelligent  beings,  and  lead 
them  to  glorify  their  Creator. 

It  is  certain,  that  Spirits  conftitute  the  principal 
part  of  the  world,  and  that  bodies  are  introduced 
into  it  merely  to  ferve  them.  For  this  reafon  it  is, 
that  the  fouls  of  animals  are  in  an  union  fo  intimate 
with  their  bodies,  Not  only  do  the  foul*  perceive 
all  the  impreffions  made  upon  their  bodies  ?  but  they 
have  the  power  of  acting  upon  thefe  bodies,  and  of 
producing  in  them  correfponding  changes :  and  thus 

X  3  k  they 
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they  exercife  an  a&ive  influence  over  the  reft  of  the 
world. 

This  union  of  the  foul  with  the  body,  undoubt- 
edly, is,  and  ever  win  be,  the  greateft  myftery  of  the 
divine  Omnipotence,  a  myftery  which  we  fliall  nevef 
be  able  to  unfold.  We  are  perfe6Uy  fenfible,  that 
the  human  foul  cannot  a&  immediately  on  all  the 
parts  of  the  body  ;  as  foon  as  a  certain  nerve  is  cut, 
I  can  no  longer  fold  my  hand :  from  which  it  niay 
be  concluded,  that  the  foul  has  power  only  over  the 
extremities  of  the  nerves,  which  all  terminate  and 
unite  in  a  portion  of  the  brain,  the  place  of  which 
the  moft  fkilful  anatomift  is  unable  exaftly  to  afllgn. 
To  this,  then,  the  power  of  the  foul  is  reftri&ed.  But 
that  of  God,  being  unlimited,  extends  to  the  whole 
univerfe,  and  exerts  itfelf  by  means  which  far  exceed 
our  comprehenfion. 

iqtb  November  >  1760. 
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LETTER  LXXXI. 

Of  the  Union  between  the  Soul  and  the  Body. 

A  S  fpirits  and  bodies  are  beings,  or  fubftances,  of 
«*^  a  nature  totally  different,  the  world  contains, 
then,  two  kinds  of  fubftances,  the  one  fpiritual,  and 
the  other  corporeal^  or  material.  The  ftridt  union 
which  fubfifts  between  them  merits  a  very  particular 
attention. 

This 
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This  union  of  foul  and  body,  in  every  animal,  is  a 
moft  wonderful  phenomenon.  It  is  reduced  to  two 
things,  the  one,  that  the  foul  feels,  or  perceives,  all 
the  changes  which  befall  it's  body,  by  means  of ,  the 
fenfes,  which,  as  you  know  perfectly  well,  are  five 
in  number,  namely,  feeing,  hearing,  fnielling,  taft- 
ing,  and  touching.  By  thefe,  then,  the  foul  takes 
cognizance  of  every  thing  that  paffes,  not  only  in  it's 
own  body,  but  out  of  it.  Touching  and  tailing  re- 
prefent  to  it  thofe  obje&s  only  which  are  in  imme- 
diate contaft  with  the  body  ;  fmelling,  objefts  at  a 
fmall  diftance ;  hearing  extends  to  diftances  much 
more  remote ;  and  fight  procures  for  us  the  know- 
ledge of  the  moft  diftant  objefts. 

All  this  knowledge  is  acquired,  only  in  fo  far  as 
the  obje&s  make  an  impreflion  on  fome  one  of  our 
fenfes,  but  ftill,  this  is  not  fufEcient,  it  is  neceffary, 
that  the  organ  of  fuch  fenfe  fhould  be  perfe&ly  found, 
and  the  nerves  belonging  to  it  muft  not  be  deranged. 
You  will  recoiled,  that,  in  order  to  fee,  the,  objeds 
muft  be  painted  diftin&ly  in  the  bottom  of  the;  eye, 
on  the  retina  ;  but  ftill,  this  reprefentation  is  not  the 
objeft  of  the  foul ;  one  may  be  blind,  though  it  is 
perfectly  weU  exprefled.  The  retina  is  a  contexture 
of  nerves,  the  continuation  of  which  extends  to  the 
brain  ',  and  if  this  continuation  is  interrupted  by  any 
injury  done  to  this  nerve,  called  the  optic  nerve ',  there 
will  be  no  fight,  however  perfect  the  reprefentation 
on  the  retina  may  be, 

»   It  is  the  fame  with  refpect  to  the  other  fenfes,  all 
of  which  operate  by  means  of  nerves  deftined  to  con- 

X  4  vey 


314  UNION  BETWEEN 

yey  the  impreffion  made  on  the  organ  ,  ejftploy e4  in 
the  fen&tion,  up  to  it's  firft  origin  in  the  brain* 
There  is,  then,  in  the  brain,  a  certain  place  vherp  all 
the  nerves  terminate ;  there  the  foul  refides,  3jtf| 
there  perceives  the  irnpreflions  made  upon  it  t>y  roewft 
of  the  fenfes. 

From  thefe  irnpreflions,  the  foul  derives  aU  ih$ 
knowledge  it  has  of  things  out  of  itfelf  J  thence  it 
derives  it's  firft  ideas,  and  by  their  combination  forms 
judgments,  refle&ions,  reafonings,  and  every  thing 
peceflary  to  perfect  it's  knowledge ;  fuch  is  the  work 
pf  the  foul,  in  which  the  body  has  no  fbare.  But 
the  firft  impreifion  comes  to  it  from  the  fenfc»t 
through  the  bodily  organs :  and  the  firft  faculty  of 
the  foul  is  to  perceive,  or  to  feel,  what  paffes  in  that 
part  of  the  brain,  in  which  ?dl  the  fenfitive  nerves 
terminate.  This  faculty  is  denominated  feelings  0? 
fenfation,  and  the  foul,  nearly  paflive,  does  nothingt 
in  the  firft  inftance,  but  receive  the  irnpreflions  which 
the  body  prefents  to  it, 

But  it  pofleffes,  in  it's  turn,  an  active  faculty,  by 
means  of  which  it  has  the  power  of  influencing  it's 
fcody,  and  of  producing  motions  in  it,  at  pleafure  * 
in  this  confifts  it's  power  over  the  body-  Thus  \  $m 
able  to  move  my  hands  and  my  feet  by  an  tfk  of  my 
will  j  and,  What  motions  axe  my  fingers  making,  g& 
I  write  this  letter  ?  My  foul,  however,  cannot  a&  im-\ 
mediately  on  any  one  of  my  fingers ;  in  order  ta 
put  a  fingle  one  in  motion,  it  is  ueceffary  that  feven 
33)  mufcles  fliould  \>$  put  in  affton,  and  this  a&ion, 
again,  exerts  itfelf  by  meana  of  nerves  terminating* 

^     *  m 
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in  the  brain :  if  fuch  a  nerve  be  injured,  to  no  pur- 
pofe  will  I  wifh  my  finger  to  move }  it  will  no  longer 
obey  the  orders  of  my  foul :  thus  the  power  of  my 
foul  extends  only  to  a  foall  portion  of  the  brain, 
where  all  the  nerves  unite ;  fenfation  is  likewife  re* 
ftricted  to  this  place  of,  the  brain. 

The  foul,  then,  is  united  only  with  thefe  extre- 
mities of  the  nerves,  on  which  it  his  not  only  the 
power  of  a&ing,  but  by  means  of  which  it  c&n  view, 
su}  in  a  mirror,  every  thing  that  makes  an  impret 
£on  on  the  organs  of  it's  body.    What  wonderful 
jtddr^fs,  to  be  able  to  conclude,  from,  the  flight 
changes  which  take  place  in  the  extremity  of  the  ' 
perves,  tb^t  which  occaftoned  them  out  of  ths  body ! 
A  tree,  for  example,  produces  on  the  retina,  by 
it's  rays,  an  image  which  is  perfe&ly^fimilar  to  it : 
but  how  feeble  muft  the  impreffion  be  which  the 
jierves  receive  from  it !   It  is  this  impreffion,  how^ 
ever,  continued  along  the  nerves  up  to  their  origin, 
which  excites  in  the  foul  the  idea  of  that  tree.     Afi. 
terwards,  the  flighteft  impreflions  which  the  foul 
piakes  qn  the  extremities  of  the  nerves,  are  inftantly 
communicated  to  the  mufcles,  which,  put  in  a&ion, 
ebiige  the  rnember  which  it  wills  to  move,  exa&ly 
to  obey  it's  orders. 

lyiachines,  which  receive  certain  motions  by  the 
^rawing  of  a  ftring,  prefent  but  a  coarfe  mechanifin, 
compared  to  our  bodies  and  the  bodies  of  animals* 
The  works  of  the  Creator  infinitely  furpafs  the  pre* 

fhj&ions  of  hu  row*  (fcdtt, 

3LETTER 
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Different  Syftems,  relative  to  this  Subjeff.  • 

IN  order  to  elucidate  the  twofold  union  of  foul  and 
body,  we  may  compare  the  foul  to  a  man,  who 
contemplates,  in  a  dark  room,  the  external  objects, 
and  from  their  images  derives  the  knowledge  of  what 
is  paffing  out  of  the  room.  The  foul  viewing,  in  like 
manner,  if  I  may  fo  exprefs  myfelf,  the  extremities  of 
the  nerves,  which  unite  in  a  certain  part  of  the  brain, 
perceives  all  the  impreffions  made  upon  the  nerves, 
and  arrives  at  the  knowledge  of  the  external  obje&s* 
which  have  made  thefe  impreffions  on  the  organs  of 
fenfe.  Though  we  do  not  know  wherein  confifts 
the  refemblance  of  the  impreffions  made  on  the  ex- 
tremities of  the  nerves,  with  the  objects  themfelves 
which  occafioned  them,  they  are,  however,  very 
proper  to  fupply  the  foul  with  a  very  juft  idea  of 
them. 

The  a&ion  by  which  the  foul,  operating  on  the 
extremities  of  the  nerves,  can  put  in  motion,  at  plea- 
fure,  the  members  of  the  body,  may  be  compared  to 
that  of  a  player  on  puppets,  who,  by  pulling  a  ftring, 
makes  them  ftrut  about,  and  move  their  limbs  as  he 
pleafes.  This  comparifon  is,  however,  very  imper- 
feft,  for  the  union  of  the  foul  and  body  is  infinitely 
more  intimate. 

.The  foul  is  not  fo  indifferent,  in  refpeft  of  feelings 
as  the  man  placed  in  the  dark  room  j  it.  is  much  more 

deeply 
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deeply  intereftcd  in  what  is  going  on.  There  are 
fenfations  highly  agreeable  to  it,  and  others  very  dif- 
agreeable,  and  even  painful.  What  more  difagree- 
able  than  acute  pain,  though  it  proceed  but  from  a 
bad  tooth  ?  This,  however,  is  no  more  than  a  nerve 
irritated  in  a  certain  manner,  and  yet  it  excites,  in 
the  foul,  pain  intolerable. 

In  whatever  light  we  confider  the  ftrift  union  of 
foul  and  body,  which  conftitutes  the  effence  of  a  liv- 
ing man,  it  muft  ever  remain  an  inexplicable  my£ 
tery ;  and,  in  all  ages,  philofophers  have  taken  fruit- 
lefs  pains,  in  the  hope  df  arriving  at  a  fatisfactory  folu« 
lion.    Various  fyftems  have  been  devifed  in  this  view. 
The  firft  is,  that  by  which  a.  real  influence  is  ef- 
.  tabliftied  of  body  on  foul,  and  of  foul  on  body  ;  fo 
that  the  body,  by  means  of  the  fenfes,  fupplies  the 
foul  with  it's  firft  perceptions  of  external  things ; 
and  that  the  foul,  by  a&ing  immediately  on  the 
,  nerves,  in  their  origin,  excites  in  the  body  the  mo- 
tion of  it's  members ;  though  it  is,  at  the  fame  time, 
acknowledged,  that  the  manner  of  this  mutual  in- 
fluence is  abfolutely  unknown  to  us.     We  muft,  un- 
doubtedly,  have  recourfe  to  the  omnipotence  of  God> 
who  has  given  to  every  foul,  a  power  over  the  por- 
tion of  matter  containing  the  extremities  of  the 
nerves  of  the  body,  fo  th^t  the  power  of  every  foul 
is  reftrifted  to  a  fmall  part  of  the  body,  whereas  the 
power  of  God  extends  to  all  the  bodies  of  the  ufti- 
verfe.     This  fyftem  feems  the  moft  conformable  to 
truth,  though  we  are  very  far  from  pretending  to 
have  a  particular  knowledge  of  it. 

The 
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The  other  two  fyftems  are  the  invention  of  phifo* 
fophers,  who  boldly  deny  the  poffibiiity  of  a  real  in- 
fluence of  fpirit  upon  bodies ;  though  they  are  under 
the  neceflity  of  allowing  it .  to  the  Supreme  Being; 
According  to  them,  the  body  cannot  fupply  the  foul 
with  the  firft  ideas  of  external  things,  nor  the  foul 
produce  any  motion  in  the  body. 

One  of  thefe  two  fyftcms  was  the  invention  of 

Defcartes ;  it  goes  by  the  name  of  the  fyftem  of  ocea* 

/tonal  caufes.    According  td  this  philofopher,  when 

the  organs  of  fenfe  are  excited  by  exterior  bodies, 

God  immediately  impreffes  on  the  foul,  at  the  fame 

inftant,  the  ideas  of  thefe  bodies ;  and  when  the  foul 

wills,  that  any  member  of  this  body  fliould  move, 

(till  it  is  God,  who  immediately  impreffes,  on  that 

member,  the  motion  defired,  but  all  the  while,  the 

foul  is  in  no  manner  of  connexion  with  it's  body* 

It  was,  therefore,  altogether  unneceflary,  that  the 

body  fliould  be  a  machine  of  fuch  admirable  con* 

ftru&ion,  as  the  dulleft  mafs  would  have  anfwered 

the  purpofe  equally  welL 

This  fyftem,  accordingly,  foon  loft  much  of  it's 
credit,  when  the  celebrated  Leibnitz  fubftituted,  in 
it's  place,  that  of  the  pire-eftabliflied  harmony,  which 
you  have,  no  doubt,  frequently  heard  mentioned  in 
convocation. 

According  to  this  fyftem  of  pre-eftablijhed  harmony^ 
the  foul  and  the  body  are  two  fubftances  out  of  all 
connection,  and/exercifing  no  manner  of  influence  on 
each  other.  The  foul  is  a  fpiritual  fubftance,  which, 
from  it's  own  nature,  receives,  or  affumes,  all  it's 

ideas, 
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ideas,  it's  thoughts,  it's  perceptions,  without  the 
bod/*  havitig  the  leaft  {hare  in  the  matter %  and 
the  body  is  a  machine  moft  ingenioufly  conftru& 
tdf  like  a  dock,  which  produces  all  it's  motion*, 
in  fucceffiont  without  any  manner  of  influence  on 
the  part  of  the  foul.  But  .God,  having;  fcrefeen, 
from,  the  beginning,  all  the  rcfohitions,  which  every 
foul  would  at  every  mftant  form,  arranged  the  ma- 
chine of  the  body,.  &  as  that  it's  motions  ihoukl,  at 
every  inftant,  harmonize  with  the  rcfokrtiotys  of  the 
fouh  Thus,  when  I  at  this  moment  raife  my  hand^ 
Leibnitz  fays,  that  God  having  forcfeen  vxf  foul  would 
will,  at  thb  moment*  my  hand  to  be  raiied,  difpofed 
the  machine  of  my  body  in  fuch  a  maimer,  that,  m 
virtue  of  it's  proper  organization,  my  hand  fliould 
neceffarily  rife  at  the  fame  inftant  \  aod,  in  like  mao- 
net,  that  ajl  the  motions  of  the  members  of  the  body 
arc  performed  in  virtue  a£  their  proper-  organization* 
which  has.  been,  from  the  beginning,  fo  difpofed,  as 
#>  be  at  all  rimes  in  hanmmy  with  the  detenrwa* 
tions  of  the  foul. 
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» 

Examination  of  the  Syjiem  of  pre-ejtablifoed  Harmony. 

.  An  Objection  to  it. 

•THHERE  was  a  time,  when  the  fyftem  of  pre^ef* 

-*-    tablilhed  harmony  had  acquired  fuch  a  high 

reputation  over  all  Germanyr  that  to  dare  to  call  it 

in 
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in  qubftUriwas  to  incur  the  imputation  of  ignorance* 
or  bigotry.    The  fupporters  of  this  fyftem  boafted^ 
that,  by  means  of  it,  the  omnipotence  and  omni* 
fciente  of  the  Supreme  Being  were  fet  in  their  cleareft 
light,  and  that  it  was  impoflible  for  any  one,  who 
fefeliived  in  thefe  exalted  perfections  of  God,  to  en* 
tertain  a  doubt  of  the  truth  of  this  fublime  fyftem.  ■ ' 
*    In  fact,  fey  they,  we  fee,  that  poor,  pitiful  mortals, 
are  capable  of  conftruding  machines  fo  ingenioufly, 
Ssts  to  fill  the  vulgar  fpe&ator  with  aftonifhment : 
ttow  much  ftronger  reafon,  then,  haVe  we  to  adinit, 
that  God  having  known,  from  all  eternity,  all  that 
my  foul  would  wifti-  and  defire,  at  every  inftaht^ 
ftould  have  >  been  able  to  conftrud  fuch  a  machine, 
which,  at  every  i^ftant,  fliould  produce  motions  con- 
formable  to  the  determinations  of  my  foul?  Now* 
this  machine  is  precifely  my  body,  which  is  united 
to  my  foul,  only  by  this  harmony  ;  fo  that  if  the  or* 
ganization  of  my  body  were  deranged  t;o  fuch. a  dc*. 
gree,  as  to  be  no  longer  in  harmony  with  my/oul, 
this  body  would  no  more  belong  to  me,  than  the 
body  of  a  rhinoceros  in  the  heart  of  Africa :  and  if, 
in  the  cafe  of  a  derangement  of  my  body,  God  fliould 
adjuft  that  of  a  rhinoceros,  fo  that  it's  motions  were 
in  fuch  harmony  with  the  determinations  of  my 
foul,  as  to  raife  it's  paw  at  the  moment  I  willed  it ; 
this  body  would  then  be  mine,  and  would  belong  to 
my  foul,  as  my  prefent  body  now  belongs  to  it,  with- 
out having  undergone  itfelf,  on  that  account,  any 
change  whatever.  ' 
Mr.  Leibnitz  himfelf  has  compared  the  foul  and  the 

♦  body 
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tody  to  two  docks,  which  continually  indicate  the 
feme  hour.  .  A  clown  who  fhould  fee  this  beautiful 
harmony  of  thefe  two  clocks,  would  undoubtedly 
conclude,  that  they  acted  upon  each  other,  but  he 
would  be  under  a  miftake,  for  the  one  perforins  it's 
motions  independently  of  the  other.     The  foul  andt 
the  body  ar&  likewife  two  machines  totally  indepen- 
dent, the!  one  beuigfpl  ritual, the  other  material;  but 
their  operations' /are  always  in  a  harmony  fo  com- 
plete, that  we  ate  induced  to  believe  them  tb  belong 
to  each  other^  and  that  the  one  has  a  real  influence 
upon  the  other*  which  is,  however,  a  mere  illufioh/ J 
In  order  to  form  a  judgment  of  this  fyftem,'!  re- 
mark, firft,  That  it  cannot-  be  denied  to  be  poffibte 
for  God  to  create  a  machine  which  fhould.be  always 
in  harmony  with:  the  operations  of  my  fouJ$ '  btft  it 
appears  to  me^that  my  body  belongs  to  me*  by  othti 
rights  than  fuch  a  harmony,  however  beattf&il  it 
may  be :  and,  I  believe,  you  will  not  be  difp&fed 
haftily'to.  adopt  a. fyftem  which  is  founded  on  this 
principle  alcfcie,  that  no  fpirk  cajni  aft  upon  a  body  $ 
and  that,  reciprocally,  a  body  cannot  act  upon,  or 
fupply  ideasita,  a  fpijit.     This k  principle  is,  befideSj 
deftitute  of  all  proof,  the  chimeras  of  it's  partifans, 
irefpefting  fiinple  beings,  having  beeh  completely  re- 
futed.    And  if  God,  who  is  a  fpirit,  has  the  power 
of  acting  upon  bodies,  it  is  not  abfolutely  impoffible 
that  a  fpirit,  fuch  as  the  human  foul,  fliould  be  able 
likewife  to  !aft  upon  a  body;    Accordingly,  we  do 
not  pretend  to  fay,  that  our  foul  afts  upon  all  bo- 
dies, but  only  upon  a  fmall  particle  of  matter,  with 

i  refpeft 
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refpecfc  to  which  it  has  received  the  power  of  God 
himfelf,  though  to  exertife  it  in  a  mariner  which  we 
are  utterly  unable  to  comprehend. 

Farther,  the  fyftem  of  pre«eftahliflled  harmony  bu 
botirs  under  other  great  difficulties.'  According  t& 
h  the  foul  derives  all  it's  knowledge  from  it's  own 
proper  fund,  without  any  contribution  on  the  part 
of  the  body  and  the  fenfb*  Thus*  when  I  read  ib 
the.  Gazette  that  the  Pope  is  dead,  and  I  come  to  thd 
knowledge  of  the  Pope's  death,  the  Gazette  and  my 
reading  have  nothing  to  do  with  the  comrtmnicatioit 
of  this  knowledge,  as  thefe  cif cttibftances  rcfpcft  only 
my  body  and  my  fenfes,  which  have  no  maimer  of 
connection  with  my  foul.  But,  conformably  to  this 
fyftem,  my  foul  derives,  at  the  fame  time*  froitt  k'4 
€W»  proper  fund,  the  ideas  which  it  has  of  this  film*. 
Pope*  It  concludes,  he  iftuft  absolutely  be  dead,  and 
this  knowledge  comes  to  k  with  the  reading  of  the 
Gazette,  fo  that  I  imagine  the  reading  of  the  Gazette 
furnifhed  me  with  this  knowledge,  though  I  tfeaHy 
derived  it  from  the  proper  fund  of  my  foul. 

But  thi ft  idea  is  perfe&ly  abfurd.  How  was  k  po£ 
fibk  for  me  fo  boldly  fo  affert,  that  the  Pope  muft 
ncceflarily  have  died  at  'the  moment  mentioned  in 
the  Gazette*  and  that,  orfy  from  the  idea  which  I 
had  of  the  Pope's  condition  and  hcakh,  though,  peav 
haps,  I  knew  nothing  about  him^  while  I  am  infi* 
nitely  better  acquainted  witfc  my  owfc  fituatiofc, 
without  knowing,  however,  what  fhafl  befall  nve  t€M 
morVow,  , 

In  like  manager  when  you  do*  m£  the  horiour  td 

.  read 
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read  thefe  letters,  and  derive  the  knowledge  of  fome 
truth  from  them,  it  is  your  foul  which  extrafts  that 
truth  from  it's  own  proper  fund,  without  my  con- 
tributing at  aH  to  it  by  my  letters.  The  reading  of 
them  ferves  only  to  maintain  the  harmony  which 
the  Creator  meant  to  eftablifh  between  the  foul  and 
the  body.  It  is  only  a  formality,  altogether  fupcr- 
fluous,  with  refpeft  to  the  knowledge  itfelf.  I  fhall, 
neverthelefi,  continue  to  tender  you  my  inftruftions. 

Qtb  December ,  1 760. 


LETTER   LXXXIV. 

Another  Objection. 

fT^HERE  is  another  obje&ioii  to  be'  made  to  the 
-*•  fyftem  of  pre-eftablifhed  harmony;  namely, 
that  it  is  utterly  deftruftive  of  human  liberty.  In 
fad,  if  the  bodies  of  men  are  machines,  fimilar  to  % 
watch,  all  their  aftions  are  a  neceflary  confequence 
of  their  conftruftion.  Thus,  when  a  thief  fteals  my 
purfe,  the  motion  made  by  his  hands  is  an  effeft  a^ 
neceflary  of  the  machine  of  his  body,  as  the  motion 
of  the  hand  of  my  clock,  now  pointing  to  nine.  You 
will  readily  comprehend  what  muft  be  the  condu- 
fion.  As  it  would  be  unjuft,  nay,  ridiculous,  to  think 
of  being  angry  at  the  clock,  and  of  chaftifing  it,  be- 
caufe  it  pointed  to  nine,  it  would  be  equally  fo,  with 
refpeft  to  the  thief,  whom  it  would  be  abfurd  to 
puniih  for  having  ftolen  my  purfe. 

VoLil.  Y  Of 
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Of  this  we  had  a  well-known  example  in  th£  reign 
of  his  late  Majefty,  when  Mr.  Wolff  taught  at  Halle 
the  fyftem  of  the  pre-eftablifhed  harmony.  The  King 
informed  himfelf  of  this  do&rine^  which  was  then 
making  a  prodigious  noife ;  and  one  of  his  Court 
having  fuggefted  to  him  that,  according  to  Mr. 
Wolff7 s  dodtrines,  foldiers  were  mere  machines,  and 
that  when  one  deferted,  it  was  a  neceflary  confe- 
cjuence  of  his  particular  ftru&ure,  and  therefore 
ought  not  to  fubjed  him  to  punifliment,  as  would 
be  the  cafe,  were  a  machine  an  obje&  of  punifliment, 
for  having  performed  fuch  and  fuch  a  motion ;  the 
King  was  fo  provoked  at  this  reprefentation,  that  he 
gave  orders  to  banifh  Wolff  from  Halle,  with  certi- 
fication, that  if  he  was  found  there  at  the  end  of 
twenty-four  hours,  he  fhould  be  hanged  up.  The 
philofopher  upon  this  took  refuge  at  Marburg,  where 
I  converfed  with  him  foon  after. 

But  the  partifans  of  this  fyftem  have  always  main- 
tained that  the  pre-eftabli£hed  harmony  by  no  means 
encroached  on  human  liberty.  They  admit  that  the 
exterior  actions  of  men  are  neceflary  effects  of  the 
organization  of  the  body,  and  that,  in  this  refpeft, 
they  take  place  as  neceflarily  as  the  motions  of  a 
watch :  but  that  the  mental  determination  enjoyed 
perfect  liberty :  that  thefe  may  be  deferving  of  pu- 
nifliment, though  the  corporeal  aftion  was  neceflary : 
that  the  criminality  of  an  a&ion  confifts  lefs  in  the 
aft,  or  motions  of  the  body,  than  in  the  refolution 
or  intention  of  the  foul,  which  remains  entirely  free- 
Let  us  conceive,  fay  they,  the  foul  of  a  thief,  deter- 
mining 
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mining,  at  a  certain  time,  to  commit  a  robbery:, 
God  having  forefeen  this  intention,  has  provided  it 
with  a  body,  organized  in  fuch  a  manner  as  to  pro- 
duce, precifely  at  the  fame  time,  the  motions  requi- 
fite  for  the  commiflion  of  this  robbery:  the  aftion, 
fay  they,  is  itfelf  the  neceflary  effeft  of  the  organiza- 
tion of  the  body,  but  that  the  intention  of  the  thief 
is  a  free  aft  of  his  foul,  which  is  not,  on  that  ac- 
count, lefs  culpable  and  lefs  punifhable. 

Notwithftanding  this  reafohing,  the  fupporters  of 
the  fyftem  of  pre-eftabliftied  harmony  will  always 
find  themfelves  very  much  embarraffed  to  maintain 
the  liberty  of  the  determinations  of  the  foul.  For, 
according  to  them,  the  foul  is  itfelf  fimilar  to  a  ma- 
chine, though  of  a  nature  totally  different  from  that 
of  the  body ;  the  reprefentations  produced  in  it  are 
occafioned  by  thofe  which  precede,  and  thefe  again 
by  others  anterior  to  them,  and  fo  on,  fo  that  they 
follow  each  other  as  necefia^ily  as  the  motions  of  a 
machine.  In  faft,  fay  they,  men  aft  always  from 
certain  motives,  founded  on  the  reprefentations  of 
the  foul,  which  fucceed  each  other,  conformably  to 
it's  ftate. 

You  will  recolleft  that,  according  to  this  fyftem, 
the  foul  derives  no  one  idea  from  the  body,  not 
being  in  any  real  conneftion  with  it ;  but  all  from 
it's  own  proper  fund.  Prefent  ideas  flow  from  thofe 
which  preceded,  and  are  a  neceflary  confequence  of 
them ;  fo  that  the  foul  is  nothing  lefs  than  matter  of 
it's  own  ideas,  which  generate  it's  refolutions,  and 
which  are  therefore  as  little  under  it's  power ':  and, 

Y  2  confe- 
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coflfequently,  all  it's  a&ons  af e  founded  on  it*s  pre* 
fent  ftate,  that  on  the  immediately  preceding*  and  fa 
on,  are  a  neceffary  effeft  of  the  firft  ftate  in  which  itr 
was  created,  over  which  it  certainly  could  have  no 
power,  and,  of  confequence*  could  not  be  free.  Iii 
depriving  men  of  their  liberty,  all  their  actions  be- 
come neceflary,  and  can  no  Ibnger  be  confidered:  a* 
either  right  or  criminal: 

No  one  of  thofe  philofophers  has  hitherto  been 
abie  to  remove  thefe  difficulties ;  and  their  adversa- 
ries have  a  right  to  object  to  them,  that  this  opinion 
is  fubverfive  of  all  morality,  and  makes  every  crime 
which  men  commit  to  recoil  on  God  himfelf,  which 
is,  undoubtedly,  the  groffeft  impiety.  We  muft  notr 
however,  load  them  with  the  imputation  of  fuch 
confequences,  though  they  flow  very  naturally  from 
their  principles.  The  article  of  liberty  is  a  {tumbling 
block  in  philofophy ;  and  it  is  extremely  difficult  to 
fteer  clear  of  the  dangers  which  prefs  on  all  fides.* 

jyb  December,  1760. 

•  The  King  of  Pruffia  (Frederick  II. }  though  no  believer  in 
the  pre-eiiabli(hed  harmony,  haftened  to  do  juftice  to  Wolff 9  the 
moment  he  mounted  the  throne.  The  original  caufe  of  his  per- 
fecution  was  the  refentment  of  an  ecclefiaftic*  jealous  of  Wolffs  as 
Voetius  was  of  D(f cartes.  The  pride  of  men  of  this  defcription 
has  long  endeavoured  to  fubjeft  thought  itfelf  to  their  opinions  or 
to  their  intereft ;  but  the  world  begins  to  entertain  for  them  the 
horror  and  the  contempt  which  they  deferve.* 

Befides,  thefe  obje&ions  refpe&ing  liberty  are  not.  peculiar  to 

*  So,  be  caufe  one  Pruflian  theologian  wai  jealous,  and  a  bigot,  according 
to  Mr.  Cmidorvety  he  permits  himfelf  to  brand  the  whole  order  with  the  impu- 
tation of  thefe  odious  qualities.  The  impartial  Reader  will  judge  whether  it 
is  not  as  poifible  for  a  philofopher  and  a  free-thinker  to  be  uncandtd  and  illi- 
beral, a£  for  an  ccclefiaftic—  E.  E. 

the 
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Of  the  Liberty  of  Spirits  ;  and  a  Reply  to  Objections 

aZainfi  Liberty. 

THE  greateft  difficulties  on  the  fubject  of  liberty, 
even  thofe  which  appear  infurmountable,  arife 
from  want  of  chftinguifhing,  with  fufficient  atten- 
tion, between  the  nature  of  ipirit  and  that  of  body. 
The  Wolfian  philofophers  even  go  fo  far  as  to  put 
fpirits,  and  the  dements  of  body,  on  the  fame  foot- 
ing, and  give  to  both  the  one  and  the  other  the  name 
of  monads  ,  the  nature  of  which,  according  to  them, 
confifts  in  the  power  of  changing  their  ftate ;  from 
whence  refult  all  the  changes  in  bodies,  and  all  the 
reprefentations  and  aftions  of  fpirits. 

Since,  then,  in  this  fyftem,  the  aftual  ftate  of  bo» 
dies  and  of  fpirits  derives  it's  determination  from 
that  which  immediately  preceded;  and  as  the  adions 
of  fpirits  are  derived,  like  thofe  of  bodies,  from  their 
preceding  ftate,  it  is  evident,  that  liberty  is  no  more 
an  attribute  of  fpirit  than  it  is  of  body.  As  to  body, 
it  is  impoffible  to  conceive  the  leaft  fhadow  of  liberty 
in  it ;  for  liberty  always  ftippofes  the  power  of  com- 
mitting, of  admitting,  or  of  fufpending  an  aftion, 

the  fyftem  of  pre-eftablifhed  harmony,  bat  common  to  all.  It  is 
certain  that  in  uich  and  fuch  circumftances  I  will  perform  fuch 
an  adtion,  and  yet  I  (hall  have  the  power  of  a&ing  otherwife. 
This  a&ion  will  infallibly  take  place  but  not  neccffarily*  This  is 
the  real  difficulty.— F.  E. 

Y  3  and 
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and  this  is  dire&ly  oppofite  to  all  that  pafies  in  body. 
Would  it  not,  then,  be  ridiculous  to  expeffc  that  a 
watch  fhould  point  to  any  other  hour  than  what  it 
a&ually  does,  and  to  think  of  punching  it  on  tl\at 
account  ?  Would  it  not  be  abfurd  to  fly  into  a  pat 
fion  at  a  puppet,  becaufe,  after  feveral  other  geftures, 
it  had  turned  it's  back  to  us  ? 

All  the  changes  which  take  place  in  bodies,  and 
which  are  all  reducible  to  thei*  ftate  of  reft,  or  of 
motion,  are  the  necefiary  cdnfequence  of  the  powers 
which  act  upon  them ;  and  their  a&ion  once  admit- 
ted, no  changes  in  bodies  can  take  place,  but  pre- 
cifely  fuch  as  do  take,  place :  what  refpe&s  body, 
therefore,  is  an  objeft  of  neither  praife  nor  blame. 
However  ingenioufly  a  piece  of  mechanifm  may  be 
conftru&ed,  the  commendation  which  we  beft&w 
upon  it  reverts  to  the  artift ;  the  machine  itfelf  has 
no  intereft  in  what  paffes ;  the  artift,  too,  is  alone 
refponfible  for  the  defe&s  of  a  clumfy  and  aukward 
machine;  the  machine  itfelf  is  perfectly  innocent. 
While,  therefore,  the  enquiry  is  reftricted  to  bodies, 
they  are  clearly  in  no  refpeft  refponfible ;  no  re- 
ward, no  punilhment  can  pofiibly  attach  to  them ; 
all  the  changes  and  motions  produced  in  them,  are 
the  necefiary  confequences  of  their  ftructure. 

But  fpirits  are  of  a  very  different  nature,  and  their 
actions  depend  on  principles  directly  oppofite.  Li- 
berty, entirely  excluded  from  the  nature  of  body,  is 
the  effential  portion  of  fpirit,  to  fuch  a  degree,  that 
without  liberty,  a  fpirit  could  not  exift  5  and  this  it 
is  which  renders  it  refponfible  for  it's  a&io.ns.    This 

property 
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property  is  as  effential  to  fpirit  as  extenfion  or  irtipe£ 
netrability  is  to  body ;  and  as  it  would  be  impoffible 
for  the  divine  Omnipotence  itfelf  to  diveft  body  of 
thefe  qualities,  it  would  be  equally  impoffible  for  it 
to  diveft  fpirits  of  liberty.  A  fpirit  without  liberty^ 
would  no  longer  be  a  fpirit,  as  a  body  without  ex- 
tenfion would  no  longer  be  a  body.  > 

It  has  in  all  ages  been  a  fubjeft  of  eager  enquiry 
among  philofophers,  How  God  could  have  permitted 
fin  to  enter  into  the  world  ?  Had  they  refle&ed  that 
the  fouls  of  men  are  beings  neceflarily  free,  froni 
their  very  nature,  the  controverfy  would  have  been 
eafily  fettled! 

The  objeftions  commonly  made  to  human  liberty 
are  thefe  1  A  fpirit,  it  is  faid,  or  a  man,  is  never  de- 
termined to  an  a&ion,  but  from  motives ;  and  after 
having  carefully  weighed  the  reafons  on  both  fides; 
he  finally  decides  in  favour  of  that  which  he  deem$ 
the  preferable.  Hence  they  conclude  that  motives 
determine  the  a&ions  of  men,  juft  as  the  motion  of 
a  ball  on  the  billiard  table  is  determined  by  the  ftroke 
impreffed  upon  it,  and  that  the  a&ions  of  men  are 
no  more  free  than  the  motion  of  the  ball.  But  it 
muft  be  confidered  that  the  motives  which  engage  a 
man  to  undertake  any  enterprize,  refer  very  differ- 
ently to  the  foul,  from  what  the  ftroke  does  to  the 
ball.  The  ftroke  produces  it's  effect  neceflarily ;  but 
a  motive,  however  powerful,  prevents  not  the  a<5tion 
from  being  voluntary.  I  had  very  powerful  motives 
to  undertake  a  journey  to  Magdeburg :  a  regard  to 
piy  promife ;  the  pirofped  of  enjoying  the  felicity  of 
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paying  my  refpcfts  to  your  Highnefs ;  but  I  am  par- 
fe&fy  fcniible,  at  the  fame  time,  that  I  was  not  forced 
to  it :  and  that  it  was  entirely  in  my  own  power  to 
take  that  journey,  or  to  have  remained  at  Berlin. 
But  a  body,  impelled  by  any  power,  neceflarily  obeys, 
and  it  cannot  be  affirmed  that  it  was  at  liberty  tp 
obey,  or  not,  as  it  pleafed. 

The  motive  which  determines  a  fpirit  to  regulate 
it's  refolves,  is  of  a  nature  Wholly  different  from  a 
caufe  ox  force  afting  upon  body.  Here,  the  effedt  is 
produced  neceflarily ;  and  there,  the  effeft  remains 
always  voluntary,  and  the  foul  has  power  over  it. 
On  this  is  founded  the  imputability  of  the  actions  of 
a  fpirit,  which  makes  it  refponfible  for  them,  and 
which  is  the  true  foundation  of  right  and  wrong. 
As  foon  as  we  have  fettled  this  infinite  difference  be- 
tween fpirit  and  body,  the  queftion  refpefting  liberty 
prefents  very  litde  difficulty. 

\tib  December,  1760. 
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The  fame  Subjeft  continued. 

^TPHE  difference  which  I  have  juft  ellabliflied  b©- 
•*■    tween  the  motives,  conformably  to  which  fpirits 
aft,  and  the  caufes  or  powers  which  aft  on  bodies, 
difcovers  to  us  the  true  foundation  of  liberty. 

Imagine  a  puppet  *  fo   artfully  conftrufted  with 
wheels  and  fprings,  as  to  be  able  to  approach  my 

pocket, 
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pocket,  and  to  pick  out  my  watch,  without  my  per- 
ceiving it.  This  a&ion  being  a  neceflary  confequence 
of  the  organisation  of  the  machine,  could  not  be 
confidered  as  a  robbery ;  and  I  Ihould  render  my- 
felf  ridiculous  if  I  got  into  a  paffion  at  it,  and  infill- 
ed on  having  the  machine  hanged.  Every  one  would 
fey  that  the  puppet  was  innocent,  and  incapable  of 
committing  a  blameable  a&ion ;  it  would  be,  befides, 
equally  indifferent  to  the  puppet  to  be  hanged,  or 
placed  on  a  throne.  But  if  the  artift  had  contrived 
this  machine  on  purpofe  to  ileal,  and  to  enrich  him- 
felf  by  fuch  means,  however  much  I  might  admire 
the  ingenuity  difplayed  on  the  mechanifm,  I  ihould 
reckon  myfelf  obliged  to  bring  him  to  juftice  as  a 
thief.  It  follows,  then,  that  even  in  this  cafe  the 
criminality  reverts  upon  an  intelligent  being,  or  a 
fpirit,  and  that  fpirits  alone  are  refponfible  for  their 
a&ions. 

Let  every  man  examine  his  own  a&ions,  and  he 
will  always  find  that  he  was  not  forced  into  them, 
though  he  might  be  induced  by  motives.  If  his  ac» 
tions  are  commendable,  he  is  perfe&ly  confeious  of 
meriting  the  praifes  beftowed  upon  him.  However 
he  might  be  deceived  in  his*  other  judgments,  he 
cannot  in  this  cafe ;  the  fentiment  of  his  liberty  is  fo 
intimately  connefted  with  that  liberty  itfelf,  that 
they  are  infeparable.  It  is  poffible  to  entertain  a 
doubt  where  the  liberty  of  another  is  concerned,  but 
it  is  impoffibLe  ever  to  be  deceived  refpe&uig  one'i 
own.  A  clown,  for  example,  on  feeing  the  puppet 
above  defcribed,  might  eafiiy  imagine  it  tQ  be  a  real 
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thief,  and  that  it  likewife  was  a  free  agent :  in  this 
he  would  be  miftaken ;  but  with  refpcft  to  his  own 
liberty,  it  is  impoffible  for  him  to  miftake ;  as  he 
deems  himfelf  free,  he  is  fo  in  faft.    It  might  like- 
wife  happen,  that  the  clown  in  queftion,  undeceived 
as  to  the  puppet,  fhould  afterwards  confider  a  dex- 
terous thief  as  a  machine,  deftitute  of  all  fentiment, 
and  of  liberty :  here  he  would  fall  into  the  oppofit* 
error,  but  as  to  his  own  aftions,  he  will  never  be 
miftaken. 

-  It  would,  therefore,  be  ridiculous  to  affirm,  that 
it  might  be  poflible  for  a  watch  to  imagine  that  it's 
hand  turned  freely,  and  to  believe  that  it  now  points 
to  nine,  becaufe  it  pleafes  to  do  fo,  but  could  point 
to  any  other  hour,  if  it  thought  proper :  the  watch 
would  undoubtedly  deceive  itfelf.  But  the  whole 
fuppofition  is  manifeftly  abfurd.  You  muft  firft  af~ 
cribe  to  the  watch  fentiment  and  imagination,  and 
accordingly  fuppofe  it  a  fpirit  or  foul,  which  necef- 
farily  implies  liberty;  and  afterwards  confider  it  as 
a  mere  machine,  divefted  of  liberty,  which  is  a  ma* 
nifeft  contradi&ion. 

Another  objection,  however,  is  ftarted  againft  li- 
berty, founded  on  the  divine  prefcience.  God,  it 
is  faid,  forefaw,  from  all  eternity,  every  refolution 
which  I  fhould  form,  and  every,  aftion  which  I  fhould 
do,  during  every  inftant  of  my  life.  If  God  forefaw 
I  fhould  juft  now.  continue  to  write,  that  I  fhould, 
by  and  by,  lay  down  my  pen,  and  rife  to  take  a 
walk,  my  aftion  would  be  no  longer  free,  for  I  am 
tinder  the  neceflity  of  writing,  of  laying  down  the 

pen, 
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pen,  and  of  riling  to  walk ;  arid*  it  would  be  impof- 
fible  for  me  to  aft  other  wife, '  as  it  was  impoffible 
God  fliould  be  deceived  in  what  he  forefees? 

The  reply  is  obvious.  Becaufe  God  forefaw,  from 
all  eternity,  that  I  fliould  perform,  on  fuch  a  day, 
fuch  an  a&ion,  it  does  not  follow  tl^at  I  fhall  perform 
it,  becaufe  God  forefaw  it.  For  it  is  evident  that  it 
ought  not  to  be  alleged,  in  the  caufe  fuppofed;  That 
I  go  on  to  write,  becaufe  God  forefaw  I  fliould  go  on 
to  write  ;  but,  on  the  contrary,  as  I  judge  it  proper 
to  go  on  to  write,  God  forefaw  that  I  would  do  fo. 
Thus  the  prefcience  of  God  by  no  means  encroaches 
on  my  liberty;  and  all  my  a&ions  remain  equally  at 
liberty,  whether  God  forefaw  them  or  not, 

Some,  however,  in  the  view  of  fupporting  liberty, 
have  gone  fo  far  as  to  deny  the  divine  preference^ 
but  you  will  have  little  difficulty  in  detefting  the 
falfehood  of  this  opinion.  Is  it  fo  furprifing  that 
the  Supreme  Being,  who  is  acquainted  with  all  my 
propenfities,  fliould  be  able  to  forefee  the  effect  which 
every  motive  will  produce  on  my  foul,  and,  confe* 
quently,  all  the  refolutions  which  I  fhall  form,  in 
conformity  to  thefe  effe&s,  when  fimple  mortals,  fuch 
as  we  are,  frequently  exercife  a  fimilar  prefcience  ? 
You  can  eafily  imagine  to  yaurfelf  a  man  extremely 
covetous,  who  has  a  fair  opportunity  of  making  a 
confiderable  advantage.  You  know,  for  certain,  he 
will  not  fail  to  avail  himfelf  of  it.  Your  knowledge 
of  this,  however,  has  no  influence  upon  the  man ; 
he  goes  into  it  with  the  full  determination  of  his 
pwn  mind,  as  if  you  Jiad  never  fpe»t  <t  thought  upon 
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him.  Now,  as  God  is  infinitely  better  acquainted 
with  men,  and  all  their  difpafitions,  it  is  not  to  be 
doubted  that  he  could  have  forefeen  their  a&kms,  in 
-all  filiations.  Tbe  preference  of  God,  with  rdfpeft 
.  to  the  free  actions  of  fyirits,  is,  neverthelefs,  founded 
•on  another  principle  than  that  of  the  changes  which 
tnuft  take  place  in  the  corporeal  world,  where  all  is 
wider  the  power  of  neceffity.  This  diftin&ton  itall 
be  the  fubjeft  of  my  next  letter. 

ZOtb  December,  1760. 
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Influence  of  the  Liberty  of  Spirits  upon  Events. 

TF  the  world  contained  bodies  only,  and  if  the 
changes  which  take  place  in  it,  were  neceflary 
confequences  of  the  laws  of  motion,  conformably  to 
the  powers  with  which  they  aft  upon  each  other,  all 
events  would  be  neceflary,  and  would  depend  on  the 
•  firft  arrangement  which  the  Creator  had  cftahliihed 
of  the  bodies  of  the  univerfe ;  fo  that  this  arrange- 
ment, once  eftabliflied,  it  fliould  be  impoffible  for 
other  events  afterwards  to  take  place,  than  thofe 
which  happen  in  the  aftual  order  of  things.  The 
world  would,  undoubtedly,  be  in  this  cafe,  a  mere 
machine,  fimilar  to  a  watch,  which,  once  wound  up, 
afterwards  produces  all  the  motions  by  which  we 
meafure  time. 

Imagine  to  yourfelf  a  mufical  clock ;  fuch  a  clock, 
once  regulated,  all  the  motions  which  it  performs, 

and 
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and  the  airs  which  it  plays,  are  produced  in  virtue 
of  it's  conftru&ion,  without  any  frefh  applicatioa  of 
the  hand  of  the  mafterr  and,  ht  that  cafe,  we  fay  it  i& 
done  mechanically.  If  the  artift  touches  it,  by  chang- 
ing the  notch,  or  the  cylinder r  which,  regulates  the 
airs,  or  by  winding  it  up,  it  is,  an  external  adionr 
which,-  not  being  founded  on  the  organization,  of 
the  machine,  no  longer  appertains  to  it.  And  if 
God,  as  Lord  of  the  univerfe,.  ihould  change  imme- 
diately any  thing  in  the  courfe  of  fucceflive  events* 
this  change  would  no  longer  appertain  to  the  ma- 
chine: it  would  then  be  a  miracle. 

A  miracle,  confequently,  is  an  immediate  effect  ofr 
the  divine  Omnipbtence,  which  could  not  hare  taken; 
place,  had  God  left  the  machine  of  the  univerfe  freely 
to  take  it's  courfe.  Such  would  be  the  ftate  of  the* 
univerfe,  if  it  contained  bodies  only ;  in  that  cafe  it 
might  b&faid,  that  all  events  take  place  in  it  from 
an  abfolute  neceflity,  each  of  them  being  a  neceffary 
effect  of  the  ftrufture  of  the  univerfe  \  unlefs  ic 
pleafed  God  to  work  miracles. 

The  fame  thing  would  happen,  on  admitting  the 
fyftem  of  pre«-eftablifhed  harmony,  though  it  allows 
the  exiftence  of  fpirits ;  for,  according  to  this  fyf- 
tem, lpirits  do  not  aft  upon  bodies,  but  thefe  per- 
form all  their  motions  and  a&ions  only  in  virtue  of 
their  ftru&ure,  once  eftabliflied ;  fo  that  when  I  raife 
my  arm,  this  motion  is  an  effeft  as  neceffary  of  the 
organization  of  my  body,  as  that  of  the  wheels  in  a 
watch.     My  fotil,  in  no  refped,  contributes  to  it ;  it 
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is  God  who,  from  the  beginning,  arranged  the!  mat-' 
ter,  fo  that  the  aftion  of  my  body  muft  necefikrily 
refult  from  it,  at  a  certain  time,  and  raife  the  arm  at 
the  inftant  that  my  foul  willed  it.     Thus,  my  foul 
has  no  influence  upon  my  body,  any  more  than  upon 
thofe  of  other  men  and  of  animals :  and,  confequent- 
ly,  according  to  this  fyftem,  the  univerfe  is  merely 
corporeal,  and  events  are  a  neceflary  effeft  of  the  pri- 
mitive organization  which  God  has  eftablifhed  in 
the  univerfe. 

But,  if  we  allow  to  the  fouls  of  men  and  of  ani- 
mals the  power  of  producing  motion  in  their  bodies, 
which  their  organization  alone  would  not  have  pro- 
duced, the  fyftem  of  the  univerfe  is  not  a  mere  ma- 
chine, and  events  do  not  neceflarily  take  place  as  in 
the  preceding  cafe. 

The  univerfe  will  prefent  events  of  two  kinds ; 
the  one,  thofe  over  which  fpijrits  have  no  manner  of 
influence,  which  are  corporeal,  or  dependant  on  the 
machine,  as  the  motion  and  phenomena  of  the  hea- 
venly bodies ;  thefe  take  place  as  neceflarily  as  thofe 
of  a  watch,  and  depend  entirely  on  the  primitive 
eftabliihment  of  the  univerfe.  The  others  depend 
on  the  foul,  united  to  the  body  of  men  and  animals, 
and  are  no  longer  neceflary ,  as  the  preceding,  but 
refult  from  the  liberty,  as  from  the  will,  of  thefe  fpi- 
ritual  beings. 

Thefe  two  kinds  of  events  diftinguifli  the  univerfe 
from  a  mere  machine,  and  raife  it  to  a  rank  infinitely 
more  worthy  of  the  almighty  Creator,  who  formed 

it. 
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it.    The  government  of  this  univerfe  will  likewife 
ever»infpire  us  with  the  moft  fublime  idea  of  the  fo- 
1  vereigh  wifdom  and  goodnefs  of  God. 

It  is  certain,  therefore,  that  liberty,  which  is  abfo* 
lately  effential  to  fpirits,  has  a  very  great  influence 
on  the  events  of  the  world.  You  have  only  to  con- 
fider  the  fatal  confequences  of  thefe  wars,  which  all 
refult  from  human  actions,  determined  by  their  will^ 
or  their  caprice. 

It  is  likewife  certain,  at  the  fame  time,  that  the" 
events  which  take  place  do  not  depend  only  on  the 
will  of  men  and  animals.  Their  power  is  very  H-? 
mited,  being  reftri&ed  to  a  fmall  portion  of  the  brain, 
in  which  all  the  nerves  terminate :  and  this  aftion  is 
confined  to  the  communication  of  an  impreffion  of 
a  certain  motion  on  the  members,  which  may  after- 
wards operate  on  other  bodies,  and  thefe  again  on 
others,  fo  that  the  flighteft  motion  of  my  body  may 
have  a  very  great  influence  on  a  multitude  of  events. 

Man,  however,  though  matter  of  the  firft  motion 
of  his  body,  which  occafions  thefe  events,  is  not  fo 
of  the  confequences  of  his  aftion.  Thefe  depend  on 
fo  many  circumftances,  that  the  moft  fegacious  mind 
is  incapable  of  forefeeing  them :  accordingly,  we 
every  day  fee  the  beft  concerted  projefts  failing. 
But  it  is  here  that  we  muft  acknowledge  the  govern- 
ment and  providence  of  God,  who,  having  from  all 
eternity  forefeen  all  the  counfels,  the  proje&s,  and 
the  voluntary  a&ions  of  men,  arranged  the  corporeal 
world  in  fuch  a  manner,  that  it  brings  about,  at  all 
times,  circumftances  which  caufe  thefe  enterprizes  to 

fail 
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fail  or  to  fucceed,  according  as  his  infinite  wifdom 
judges  to  be  mod  fit.  God  thus  remains  abfolute 
fovereign  of  all  6vents,  notwithfianding  the  liberty 
of  men,  all  whofe  actions,  though  free,  are,  from  the 
beginning,  part  of  the  plan  which  God  intended  to 
execute,  when  he  created  this  univerfe. 

This  reflection  plunges  us  into  an  abyfs  of  wonder 
and  adoration  at  the  infinite  perfections  of  the  Crea- 
tor; while  we  corifider  that  there  is  nothing  fo  mettr 
in  itfctf  as  not  to  be,  from  the  beginning  of  the 
world,  an  objeft  worthy  of  entering  into  the  origi- 
nal plan  which  God  propofed  to  himfelf. 

2$d  December,  1760. 
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Of  Events  j  natural,  fupernatural,  and  moral. 

IN  common  life,  we  carefully  diftinguiih  events 
produced  by  corporeal  caufes  from  thofe  in  which 
men  and  animals  co-operate.  Thofe  of  the  former 
defcription  are  denominated  natural  events,  or  pro- 
duced by  natural  caufes ;  fuch  are  the  phenomena 
of  the  heavenly  bodies,  eclipfes,  tempefts,  whirlwinds, 
earthquakes,  &c.  Thefe  are  called  natural  pheno* 
mena,  becaufe  it  is  underftood  that  neither  men  nor 
animals  are  a&ive  in  the  produftion  of  them. 

If  we  fee  a  tree  torn  up  by  the  roots*  through  the 
violence  of  the  wind,  we  call  it  a  natural  effe&:  but 
if  it  were  done  by  the  ftrength  of  man,  or  the  pro* 
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bofcis  of  an  elephant,  no  one  would  call  this  a  natu- 
ral effeft*  When  our  plains  are  deluged  by  an  inun- 
dation, or  deftroyed  by  the  hail,  we  fay  the  caufe 
of  this  calamity  was  natural;  but  if  the  mifchief 
were  done  by  the  invafion  of  an  enemy,  we  would 
no  longer  deem  the  caufe  of  it  to  be  natural. 

If  fuch  an  evil  were  to  be  produced  by  a  mif aclef 
or  by  the  immediate  power  of  God,  we  would  (ay 
the  caufe  of  it  was  fupernatural ;  but  if  the  event 
were  occafioned  by  men  or  animals,  we  would  not, 
in  that  cafe,  give  it  the  name  of  either  natural  or 
fizpernatural.  We  would  chara&erize  fuch  an  event 
{imply  by  the  name  of  ad  ion  ^  v^hich  denotes  an  effeft 
that  is  neither  natural  nor  fupernatural.  It  might 
with  greater  propriety  be  denominated  moral,  as  it 
depends  on  the  liberty  of  an  intelligent  agent* 

Thus,  when  Quintus  Curtius  gives  us  a  detail  of  the 
actions  of  Alexander  the  Great*  he  communicates  to 
Us  the  knowledge  of  the  events  brought  about  by 
the  voluntary  determinations  of  that  hefov  Such 
an  a&ion  always  fuppofeS  freedom!  of  fefolution  in  a 
fpiritual  being ;  a  power  of  determination  "which  de* 
pends  upon  his  wiH?  and  of  which  he  is  matter.  I 
iay,  of  which  he  is  mafter ;  for  there  is  a  great  va- 
riety of  motions,,  the  prcxbt&ion  of  which,  were  we 
to  determine  to  will  them  ever  fo  much,  we  ihould 
not,  however,  be  obeyed,  becaufe  over  fuch  move- 
ments we  have  no  power. 

I  am  not  mafter  even  of  ati  the  motions  performed 
in  my  own  body ;  that  of  my  heart  and  of  my  blood 

Vol.  I.  Z  is 
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is  not  fubjeft  to  my  power,  or  to  the  empire  of  toy 
foul,  as  the  aftion  which  I  perform  when  I  write  this 
letter.  There  are  other  motions  which  partake  of 
the  nature  of  both  thefe,  fuch  as  refpiration,  "which 
it  is  in  my  power  to  accelerate,  or  to  retard  to  a  cer- 
tain degree,  but  of  which  I  am  by  no  means  the  ab- 
folute  mafter. 

Language  is  not  fufficiently  rich  to  exprefe,  .by  one 
appropriate  term,  all  thefe  different  kinds  of  events. 
There  are  fome  produced  by  natural  caufes  merely, 
and  which  are  neceffary  confequences  of  the  arrange- 
ment of  bodies  in  the  univerfe ;  and  as  thefe  necef- 
farily  come  to  pafs,  the  knowledge  of  this  arrange- 
ment enables  us  to  foretel  a  great  number  of  them, 
fuch  as  the  fituation  of  the  heavenly  bodies,  eclipfes, 
and  other  phenomena  depending  on  them,  for  any 
given  time  whatever.     There  are  other  events  which 
depend  only  on  the  will  of  free  and  fpiritual  beings, 
as  the  aftions  of  every  man  and  of  every  animal.     It 
is  impoffible  for  us  to  forefee  any  thing  of  thefe,  in 
particular,  unlefs  by  conjefture  merely ;  and  in  this 
we  are  frequently  very  grofsly  miftaken.     God  alone 
poffeffes  this  knowledge  in  a  fupreme  degree. 

From  thefe  two  kinds  of  events  there  arifes  a  third, 
in  which  natural  caufes  concur  with  fuch  as  are  vo- 
luntary, and  dependant  on  a  being  exercifing  it's  li- 
berty. Of  this  the  billiard  table  furnifhes  an  ex- 
ample. The  ftrokes  impreffed  On  the  balls  depend 
on  the  will  of  the  players ;  but  as  foon  as  motion  is 
communicated  to  them,  the  continuation  of  that 

motion, 


SUPERNATURAL  AND  MORAL.  339 

motion,  and  their  colliiion  with  each  other,  or  with 
the  cufliion,  are  necefiary  confequences  of  the  laws  of 
motion. 

In  general,  moft  of  the  events  which  take  place  on 
the  earth,  muft  be  referred  to  this  fpecies,  as  there 
are  fcarcely  any  over  which  men  and  animals  have 
not  fome  influence.  The  cultivation  and  produce  of 
our  fields  require,  in  the  firft  inftance,  the  voluntary 
exertions  of  men  or  beafts,  but  the  fequel  is  an  effeft 
of  caufes  purely  natural.  It  is  accordingly  of  import- 
ance to  remark,  that  God  afts  in  a  manner  totally 
different  toward  bodies  and.fpirits.  God  has  eftab- 
liihed,  for  bodies,  laws  of  reft  and  motion,  coftforni- 
ably  to  which  all  changes  necejfarily  take  place ;  as 
bodies  are  merely  paffive  beings  which  preferve  them*. 
fHves  in  their  ftate,  or  neceflarily  obey  impreflions 
made  upon  them  by  others,  as  I  formerly  explained  j 
whereas  fpirits  are  fufceptible  of  no  force  or  con- 
ftraint,  but  are  governed  of  God  by  precepts  and 
prohibitions. 

With  refpeft  to  bodies,  the  will  of  God  is  always 
perfeftly  accomplifhed ;  but  with  refpeft  to  fpiritual 
beings,  fuch  as  men,  the  contrary  very  often  hap- 
pens. When  it  is  faid  to  be  the  will  of  God  that 
men  ftiould  love  one  another,  we  mean,  by  that  ex- 
preffion  a  commandment  which  men  ought  to  obey; 
but  this  is  very  far  from  being  the  cafe.  God  does 
not  force  men  to  it,  for  this  would  be  contrary  to 
the  liberty  which  is  cflfcntial  to  them ;  but  He  en- 
deavours to  engage  men  to  the  obfervance  of  this 
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commandment,  by  propofing  to  them  motives  the 
moft  powerful ;  but  it  always  depends  on  the  will  of 
man,  whether  he  is  to  obey  or  not.  In  this  fenfe  we 
are  to  underftand  the  will  of  God,  when  it  refers  to 
the  free  actions  of  fpiritual  bongs. 

2pb  December,  1760. 
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Of  the  Que/Hon  refpetting  the  bejl  World  pojftble  ;  and  of 

the  Origin  of  Evil. 

YOU  know  well,  that  it  has  been  made  a  ques- 
tion, Whether  this  world  be  the  beft  poffible  ? 
U  cannot  be  doubted,  that  the  world  perfe&ly  eor- 
refponds  to  the  plan  which  God  propofed  to  him? 
felf,  when  he  created  it* 

As  to  bodies,  and  material  productions^  their  ar* 
rangement  and  ftru&ure  are  fuch,  that  certainly  they 
could  not  have  been  better.  Pleafe  to  recoiled  the 
wonderful  ftru&ure  of  the  eye,  and  you  will  fee  the 
neceflity  of  admitting,  that  the  conformation  of  aU 
it's  parts  is  perfe&ly  adapted  to  fulfil  the  end  in  view, 
that  of  reprefenting  diftinftly  exterior  obje&s.  How 
much  addrefs  is  neceflary  to  keep  up  the  eye  in  that 
ftate,  during  the  courfe  of  a  whole  life  ?  The  juices 
which  compofe  it  muft  be  preferved  from  corrup* 
tion ;  it  was  neceflary  to  make  provifion,  that  they 
fhould  be  conftantly  renewed,  and  maintained .  in  a 
fuitable  ftate. 

A  ftru&ure 


THE  ORIGIN  OF  EVIL.  $41 

A  ftru&ure  equally  marvellous  is  obfervable  in  all 
the  other  parts  of  our  bodies,  in  thofe  of  all  animals, 
and  even  of  the  vileft  infe&s.  And  the  ftru&ure  of 
thefe  laft,  is  fo  much  the  more  admirable,  on  account 
of  their  fmallnefs,  that  it  fliould  perfe&ly  fatisfy  all 
the  wants  which  are  peculiar  to  each  fpecies.  Let 
us  examine  only  the  fenfe  of  feeing  in  thefe  infe&s, 
by  which  they  diftinguifh  obje&s  fo  minute,  and  fo 
near,  as  to  efcape  our  eyes,  and  this  examination 
alone  will  fill  us  with  aftonifhment. 

We  difcover  the  fame  perfe&ion  in  plants :  every 
thing  in  them  concurs  to  their  formation,  to  their 
growth,  and  to  the  produftion  of  their  flowers,  of 
their  fruits,  or  of  their  feeds.  What  a  prodigy  to 
behold  a  plant,  a  tree,  fpring  from  a  fmall  grain,  caft 
into  the  earth,  by  the  help  of  the  nutritious  juices 
with  which  the  foil  fupplies  it  ?  The  productions 
found  in  the  bowels  of  the  earth  are  no  lefs  wonder- 
ful :  every  part  of  nature  is  capable  of  exhaufting 
our  utmoft  powers  of  refearch,  without  permitting 
us  to  penetrate  all  the  wonders  of  it's  conftruction. 
Nay,  we  are  utterly  loft,  while  we  reflect,  how  every 
fubftance,  earth,  water,  air,  and  fire,  concur  in  the 
produftion  of  all  organized  bodies  ;  and,  finally,  how 
the  arragement  of  all  the  heavenly  bodies  is  fo  ad- 
mirably contrived,  as.  perfectly  to  fulfil  all  thefe  par- 
ticular  deftinations. 

After  having  reflefted  in  this  manner,  it  will  be 
difficult  for  you  to  believe,  that  there  fhould  have 
been  men  who  maintained,  that  the  univerfe  was  the 
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effeft  of  mere  chance,  without  any  defign.  But  there 
always  have  been,  and  there  ftill  are,  perfons  of  this 
defcription  ;  thofe,  however,  who  have  a  folid  know- 
ledge of  nature,  and  whom  fear  of  the  juftice  of  God 
does  not  prevent  from  acknowledging  Him,  are  con- 
vinced, with  us,  that  there  i3  a  Supreme  Being,  who 
created  the  whole  univerfe,  and,  from  the  remarks 
which  I  have  juft  been  fuggefting  to  you,  refpefting 
bodies,  every  thing  has  been  created  in  the  higheft 
perfeftion. 

As  to  fpirits,  the  wickednefs  of  man  feems  to  be 
an  infringement  of  this  perfe&ion,  as  it  is  but  too 
capable  of  introducing  the  greateft  evils  into  the 
world,  and  thefe  evils  have,  at  all  times,  appeared 
incompatible  with  the  fovereign  goodnefs  of  God* 
This  is  the  weapon  ufually  employed  by  infidels 
againft  religion,  and  the  exiftence  of  God.  If  God, 
fay  they,  was  the  author  of  the  world,  He  muft  alfo 
be  the  author  of  the  evil  which  it  contains,  and  of 
the  crimes  committed  in  it. 

This  queftion,  refpefting  the  origin  of  evil ;  the 
difficulty  of  explaining,  How  it  can  confift  with  the 
fovereign  goodnefs  of  God,  has  always  greatly  per- 
plexed philofophers  and  divines*  Some  have  endea- 
voured to  give  a  folution,  but  it  has  fatisfied  only 
thenifelves.  Others  have  gone  fo  far  as  to  maintain, 
that  God  was,  .in  fact,  the  author  of  moral  evil,  and 
of  crimes  ;  always  protecting,  at  the  fame  time,  that 
this  opinion  ought  to  bring  no  imputation  on  the 
goodnefs  and  holinefs  of  Qod,     Others,  finally,  coht 
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fider  this  queftion  as  a  myftery  which  we  cannot 
comprehend  ;  and  thefe  laft,  undoubtedly,  have  em* 
braced  the  preferable  fentiment, 

God  is  fupremely  good  and  holy ;  He  is  the  au- 
thor of  the  world,  and  that  world  fwarms  with 
crimes  and  calamities,  Thefe  are  three  truths  which 
it  is,  apparently,  difficult  to  reconcile  :  but,  in  my 
opinion,  a  great  part  of  the  difficulty  vanifhes,  as  foon 
as  we  have  formed  a  juft  idea  of  fpirit,  and  of  the 
liberty  fo  eifential  to  it,  that  God  himfelf  cannot  du 
veft  it  of  this  quality, 

God  having  created  fpirits,  and  the  fouls  of  men, 
I  remark,  firft,  that  fpirits  are  beings  infinitely  more 
excellent  than  bodies ;  and,  fecondly,  that,  at  the 
moment  of  creation,  fpirits  were  all  good :  for  time 
is  requifite  to  the  formation  of  evil  inclinations: 
there  is,  therefore,  no  difficulty  in  affirming,  that 
God  created  fpirits.  But  it  being  the  efTence  of 
fpirits  to  be  free,  and  liberty  not  being  capable  of 
fubfifting  without  a  power  to  fin,  to  create  a  fpirit 
poffefled  of  the  power  of  finning,  has  nothing  in* 
confiftent  with  divine  perfe&ion,  becaufe  a  ipirit 
could  not  be  created  deftitute  of  that  power, 

God  has,  befides,  done  every  thing  to  prevent 
crimes?  by  prefcribing  to  fpirits,  precepts,  the  ob* 
fervance  of  which  muft  always  render  them  good 
and  happy.  There  is  no  other  method  of  treating 
fpirits,  which  cannot  be  fubjeft  to  any  conftraint ; 
and  if  fome  of  them  have  abufed  their  liberty,  and 
tranfgrefied  thefe  commandments,  they  are  refpon- 
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fibk  for  it,  and  worthy  of  puniihment,  without  any 
impeachment  of  the  Deity. 

There  remains  only  one  objeclion  more  to  be  con- 
fidered  :  namely,  that  it  would  have  been  better  not 
to  create  fuch  fpirits,  as  God  forefaw  they  muft  fink 
into  criminality.     But  this  far  iurpaffes  human  un- 
derftanding  -t  for  we  know  not,  whether  the  plan  of 
the  world  could  fubfift  without  them.     We  know, 
on  the  contrary,  by  experience,  that  the  wickednefs 
of  fome  men  frequently  contributes  to  the  corre<9ion 
and  amendment  of  others,  and  thereby  conducts 
them  to  happinefs.    This  confideration,  alone,  is  fuf* 
ficient  to  juftify  the  exiftence  of  evil  fpirits*     And, 
as  God  has  all  power  over  the  confequences  of  hu* 
man  wickednefs,  every  one  may  reft  affured,  that  m 
.  conforming  to  the  commandments  of  God,  all  events 
which  come  to  pafs,  however  calamitous  they  may 
appear  to  him,  are  always  under  the  direction  of  Pro- 
vidence, and,  finally,  terminate  in  his  true  happinefs. 

This  providence  of  God,  which  extends  to  every 
individual,  in  particular,  thus  furnifhes  the  moft  fa- 
tisfa&ory  folution.of  the  queftion  refpe&ing  the  per. 
miflion,  and  the  origin,  of  evil.* 

$otb  December^  1760, 

*  Mr.  Euler  concludes  this  letter,  -wi^h  the  following  ihort  fen* 
tence  :  "  This  likewife  is  the  foundation  of  all  religion,  the  alone 
*'  object  of  which  is  to  promote  the  falvation  of  mankind."  What 
reafon  could  there  be  for  fuppretfing  a  fentiment  fp  natural,  ib 
much  in  place,  and  ib  inoifeniive  ?~-*£.  E% 
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UETTER  XG. 

Connexion  of  the  preceding  Conftderations  with  Religion. 
Reply  to  the  Objefliom  of  the  philofophic  Syjlems  againjl 
Prayer. 

T)EFORE  I  proceed  farther  in  my  leflbns  on  phi- 
-*-*  lofophy  and  phyfics,  I  think  it  my  duty  to  point 
out  to  you  their  connexion  with  religion.* 

I  begin  with  confidering  an  obje&ion,  which  al- 
moft  all  the  philofophic  fyftems  have  ftarted,  againft 
prayer.  Religion  prefcribes  this  as  our  duty,  with 
an  affurance,  that  God  will  hear  and  anfwer  our 
vows  and  prayers,  provided  they  are  conformable  to 
the  precepts  which  he  has  given  us.  Philofophy,  on 
the  other  hand,  inflrufts  us,  that  all  events  take  place 
in  ftrid  conformity  to  the  courfe  of  nature,  eftab- 

*  I  take  the  liberty,  likewife,  to  reftore  the  following  pauage, 
which  M.  de  Condorcet,  in  his  philofophic  fqueamifhnefs,  has 
thought  unworthy  of  a  place  in  his  edition  of  the  "work. 

**  However  extravagant  and  abfurd  the  fentrments  of  certain 
"  philofophers  may  be,  they  are  fo  obftinately  prepofTefled  in  fa- 

1 

"  vour  of  them,  that  they  reject  every  religious  opinion  and  doo- 
"  trine,  which  is  not  conformable  to  their  fyflem  of  philofophy. 
"  From  this  fource  are  derived  mod  of  the  fec"fcs  and  herefies  in  re* 
"  ligion.  Several  philofophic  fyftems  are  really  contradictory  to 
44  religion  ;  but  in  that  cafe,  divine  truth  ought,  furely  to  be  pre- 
**  ferred  to  the  reveries  of  men,  if  the  pride  of  philofophers  knew 
"  what  it  was  to  yield.  Should  found  philofophy  fometimes  feem 
'*  in  oppofition  to  religion,  that  oppoiition  is  more  apparent  than 
*'  real;  and  we  muft  not  fuffer  ourfelves  to  be  dazzled  with  the 
«s  fpecioufnefs  of  objedkion.M— -£•  E. 

lifhed 


346  REPLY  TO  OBJECTIONS 

lifhed  from  the  beginning,  and  that  our  prayers  can 
effeft  no  change  whatever ;  unlcfs  we  pretend  to  ex- 
pert, that  God  ftiould  be  continually  working  mi- 
racles, in  compliance  with  our  prayers.  This  objec- 
tion has  the  greater  weight,  that  religion  itfelf  teaches 
the  doclrine  of  God's  having  eftablifhed  the  courfe 
of  all  events,  and  that  nothing  can  come  to  p^fs,  but 
what  God  forefaw  from  all  eternity.  Is  it  credible, 
fay  the  objectors,  that  God  fliould  think  of  altering 
this  fettled  courfe,  in  compliance  with  any  prayers 
which  men  mi^ht  addrefs  to  him  ? 

But  I  remark,  firft,  that  when  God  eftablifhed  the 
courfe  of  the  univerfe,  and  arranged  all  the  events 
which  muft  come  to  pals  in  it,  he  paid  attention  to 
all  the  circumftances  which  fliould  accompany  each 
event ;    and  particularly  to  the  difpofitions,  to  the 
defires,  and  prayers,  of  every  intelligent  being  ;  and 
that  the  arrangement  of  all  events  was  difpofed,  in 
perfect  harmony,  with  all  thefe  circumftances.  When, 
therefore,  a  man  addrefles  to  God  a  prayer  worthy 
of  being  heard,  it  muft  not  be  imagined,  that  fuch  a 
prayer  came  not  to  the  knowledge  of  God  till  the 
moment  it  was  formed.     That  prayer  was  already 
heard  from  all  eternity  ;  and  if  the  Father  of  mer- 
cies deemed  it  worthy  of  being  anfwered,  He  ar- 
ranged the  world  exprefsly  in  favour  of  that  prayer, 
fo  that  the  accomplifhment  fliould  be  a  confequence 
of  the  natural  courfe  of  events.     It  is  thus  that  God 
anfwers  the  prayers  of  men,  without  working    a 
miracle. 

The  eftabliflimcnt  of  the  courfe  of  the  univerfe, 

fixed 
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fixed  once  for  all,  far  from  rendering  prayer  unne- 
ceffary,  rather  increafes  our  confidence,  by  convey- 
ing to  us  this  confolatory  truth,  That  all  our  prayers 
have  been  already,  from  the  beginning,  prefented  at 
the  feet  of  the  throne  of  the  Almighty,  and  that  they 
have  been  admitted  into  the  plan  of  the  univerfe,  as 
motives  conformably  to  which  events  Were  to  be  re- 
gulated, in-  fubferviency  to  the  infinite  wifdom  of 
the  Creator. 

Can  any  one  believe,  that  our  condition  would  be 
better,  if  God  had  no  knowledge  of  our  prayers  be- 
fore we  prefented  them,  and  that  He  fhould  then  be 
difpofed  to  change,  in  pur  favour,  the  order  df  the 
courfe  of  nature  ?  This  might  well  be  irreconcileable 
to  his  wifdom,  and  inconfiftent  with  his  adorable  per- 
fections. Would  there  not,  then,  be  reafon  to  fay,  that 
the  world  was  a  very  imperfeft  work  ?  that  God 
was  entirely  difpofed  to  be  favourable  to  the  wiflies 
of  men  5  but,  not  having  forefeen  them,  was  reduced 
to  the  neceffity  of,  every  inftant,  interrupting  the 
courfe  of  nature,  unlefs  he  were  determined  totally 
to  difregard  the  wants  of  intelligent  beings,  which, 
neverthelefs,  conftitute  the  principal  part  df  the  uni- 
verfe ?  For  to  what  purpofe  create  this  material 
world,  replenifhed  with  fo  many  great  wonders,  if 
there  were  no  intelligent  beings,  capable  of  admiring 
it,  and  of  being  elevated  by  it,  to  the  adoration  of 
God,  and  to  the  moft  intimate  union  with  their  Cre- 
ator, in  which,  undoubtedly,  their  higheft  felicity 
Confifts  ? 

Hence,  it  muft,  abfolutely,  be  concluded,  that  in- 
telligent 
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tdfigent  beings,  and  their  falvatton,  muft  have  been 
the  principal  objeft,  in  fubordination  to  which*  God 
Tegulated  the  arrangement  of  this  world  ;  and  we 
have  every  reafon  to  reft  allured,  that  all  the  events 
which  take  place  in  it,  are  in  the  moft  delightful  har- 
mony with  the  wants  of  all  intelligent  beings,  to 
conduit  them  to  their  true  happinefs ;  but  without 
conftramt,  becaufe  of  their  liberty,  which  is  as  effen- 
tial  to  fpirits,  as  extenfion  is  to  body.  There  is, 
therefore,  no  ground  for  furprize,  that  there  fhould 
be  intelligent  beings,  which  fhall  never  reach  felicity. 
In  this  connection,  of  fpirits  with  events,  coniifts 
the  divine  Providence,  of  which  every  individual  has 
the  confolation  of  being  a  partaker ;  fo  that  every 
man  may  reft  affured,  that,  from  all  eternity,  he  en- 
tered into  the  plan  of  the  univerfe.  How  ought  this 
confideration  to  increafe  our  confidence,  and  our  joy 
in  the  providence  of  God,  on  which  all  religion  is 
founded !  You  fee  then,  that  on  this  fide  religion 
and  philofophy  are  by  no  means  at  variance* 

$d January ,  176 1. 
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The  Liberty  of  intelligent  Beings  in  Harmony  with  the 

Doflrines  of  the  Chrijlian  Religion. 

> 

T    IBERTY  is  a  quality  fo  effential  to  every  fpi- 
**- '  ritual  being,  that  God  himfelf  cannot  diveft 
them  of  it,  juft  as  He  cannot  diveft  a  body  of  it's  ex- 
tenfion, 
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tenflon,  or  of  it's  inertia^  without  entirely  deftroying, 
or  annihilating  it :  to  diveft  a  fpirit  of  liherty,  there- 
fore, would  be  the  fame  thing  as  to  annihilate  it. 
This  muft  be  underftood  of  the  fpirit,  or  foul  itfelf, 
and  not  of  the  aftions  of  the  body,  which  the  fold 
dire&s,  in  conformity  to  it's  will.  If  you  would 
prevent  me  from  writing,  yon  have  but  to  bind  my 
hands ;  to  write  is,  undoubtedly,  an  exerciie  of  li- 
berty ;  but  then,  though  you  may  fay,  that  you  have 
deprived  me  of  the  liberty  erf  writing,  yon  have  only 
deprived  my  body  of  the  facuky  of  obeying  the  dic- 
tates of  my  foal.  Bind  me  ever  fo  hard,  you  cannot 
extinguifh  in  my  fpirit  an  inclination  to  write;  at 
you  can  do  is  to  prevent  the  execution  of  it. 

We  muft  always  carefully  diftinguifb  between  i&» 
cKaatioa,  or  the  aft  of  willing,  and  execution,  whick 
is  performed  by  the  mini&ratkm  of  the  body.  The 
aft  of  willing  ouaaot  be  reftrakred  by  any  exterior 
power*  not  even  by  that  of  God*  for  Kberty  is  mdc* 
pendent  of  aft  exterior  force.  But  there  are  nteaaa* 
of  acting  on  fpirits,  by  motives  which  have  a  ten* 
dency,  not  to  conftrain,.  but  to  perfuaxk.  Let  a  man 
be  firmly  deternakied  to  engage  in  any  enterpriae, 
and  let  us  fiappofe  the  executkHi  of  it  prevented ; 
without  making  any  change  in  his  intention,  or 
will,  k  might  be  poflibte  to  fuggeft  motives,  which 
lhould  engage  him  to  abandon  his  purpofe,  without 
employing  any  manner  of  constraint:  however 
powerful  thefe  motives  may  be,  he  is  always  mafber 
of  his  own  will ;  it  never  can  be  {aid,  that  he  was 
forced,  or  conftraimed,  to  k,  at  leaft  the  exprefiion 

1  would 
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would  be  improper  ;  for  the  proper  term  is  perfuade^ 
which  is  fo  fuitable  to  the  nature,  and  the  liberty,  of 
intelligent  beings,  that  it  cannot  be  applied  to  any 
other.  It  would  be  very  ridiculous,  for  example*  in 
playing  at  billiards,  to  fay,  that  I  perfuaded  the  ball 
to  run  into  the  hazard. 

This  fentiment,  refpedting  the  liberty  of  fpirits, 
appears,  however,  to  fome  perfons,  contrary  to  the 
goodnefs,  or  the  power,  of  the  Supreme  Being.     Li- 
berty, from  it's  very  nature,  can  fubmit  to  no  de* 
gree  of  conftraint,  even  on  the  part  of  God.      But 
without  exercifing  any  conftraint  over  fpirits,  God 
has  an  infinite  variety  of  means  of  prefenting  them 
with  perfuafive  motives  y  and,  I  believe,  that  all  pof* 
fiWe  cafes  are  adapted  by  Providence  to  our  condi- 
tion, in  fuch  a  manner,  that  the  moft  abandoned 
wretches  might  derive  from  them  the  moft  powerful 
motives  to  converfion,  if  they  would  but  liften  to 
them :  and  that  a  miracle  would  not  produce  a  better 
effect  on  thefe  vicious  fpirits ;  they  might  be  afle&ed 
by  it,  for  a  feafon,  but  would  not  become  better.    It 
is  thus  that  God  co-operates  in  our  converfion,  by 
furnifhing  us  with  motives  the  moft  efficacious,  and 
by  the  circumftances  and  opportunities  which  his 
providence  fupplies. 

If,  for  example,  a  man,  who  hears  an  awakening 
fermon,  is  affe&ed  by  it,  repents,  and  is  converted ; 
the  aft  of  his  foul  is  evidently  his  own  work ;  but 
the  occafion  of  the  fermon,  which  he  was  fo  happy 
as  to  hear,  precifely  at  the  time,  when  he  was  difpofed 
to  profit  by  it,  was  nothing  lefs  than  his  work  j  the 

divine 
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divine  providence  over-ruled  that  circufnftance,  fo 
falutary  to  him.  In  fa&,  without  the  opportunity* 
over  which  the  man  had  no  power,  he  would  have 
perfifted  in  a  finful  courfe. 

Hence,  you  will  eafily  comprehend  the  meaning  of 
fuch  expreffions  as  thefe  :  "  Man  can  do  nothing  of 
"  himfelf ;  all  depends  on  divine  grace  \  it  is  God 
"  that  worketh  to  will  and  to  do."  The  favourable 
circumftances  which  Providence  fupplies  to  men,  are 
fufficient  to  elucidate  thefe  expreffions,  without  hav- 
ing fecourfe  to  a  fecret  force,  whi£h  a&s  by  conftraint 
on  human  liberty ;  as  thefe  circumftances  are  directed 
of  God,  in  conformity  to  the  moft  confummate  wi£- 
dom,  in  the  view  of  condufting  every  intelligent' 
being  to  happinefs  and  falvation,  unlefs  he  wilfully 
rejefts  the  means  by  which  he  might  have  attained 
true  felicity. 

6tb  January  ,  1761. 
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Elucidation  refpeEling  the  Nature  of  Spirits. 

TN  order  more  clearly  to  elucidate  what  I  have  juft 
-*•  faid  refpe&ing  the  difference ,  between  body  and 
fpirit ;  for  it  is  impoflible  to  be  too  attentive  to  what 
conftitutes  that  difference,  as  it  extends  fo  far,  that 
fpirit  has  nothing  in  common  with  body,  nor  body 
with  fpirit,  I  think  it  neceffary  to  fubjoin  the  follow- 
'  ing  reflexions. 

Extenfion, 
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Extenfion,  inertia  and  impenetrability,  arc  the  pro* 
perties  of  body ;  Spirit  is  without  extenfion,  without 
inertia,  without  impenetrability.      All  philoiophers 
are  agreed,  that  extenfion  cannot  have  place  in  re-* 
fpe&  of  fpirit.     It  is  a  felf-evident  truth,  for  every 
thing  extended  is  divifible,  and  you  can  form  the 
idea  of  it's  parts ;  but  a  fpirit  is  fufceptible  of  no  di- 
vifion ;  you  can  have  no  conception  of  it's  half,  or 
of  it's  third  part.     Every  fpirit  is  a  complete  being, 
to  the  exclufion  of  all  parts ;  it  cannot,  then,  be  af- 
firmed, that  a  fpirit  has  length,  breadth,  or  thick- 
nefs.     In  a  word,  all  that  we  conceive  of  extenfion, 
muft  be  excluded  from  the  idea  of  a  fpirit. 

It  would  appear,  therefore,  that  as  fpirits  have  no 
magnitude,  they  muft  refemble  geometrical  points, 
the  definition  of  which  is,  that  they  have  neither 
length,  breadth,  nor  depth.  Would  it  be  a  very  ac- 
curate idea  to  reprefent  to  ourfelves  a  fpirit  by  a  ma- 
thematical point?  The  fcholaftic  philofophers  have 
profeffed  this  opinion,  and  confidered  fpirits  as  beings 
infinitely  fmall,  fimilar  to  the  mod  fubtile  particles 
of  duft,  but  endowed  with  an  inconceivable  activity 
and  agility,  by  which  they  are  enabled  to  tranfport 
themfelves,  in  an  inftant,  to  the  greateft  diftances. 
They  maintained,  that  in  virtue  of  this  extreme  mi- 
nutenefs,  millions  of  fpirits  might  be  inclofed  in  the 
fmalleft  fpace ;  they  even  made  it  a  queftion,  How 
many  fpirits  could  dance  on  the  point  of  a  needle  ? 

The  difciples  of  Wolff  are  nearly  of  the  fame  opi- 
nion,    According  to  them,  all  bodies  are  compofed 
of  particles  extremely  minute,  divefted  of  all  magni- 
tude, 
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tude,  and  they  give  them  the  name  of  monads.  A 
monad,  then,  is  a  fubftance  deftitute  of  ill  e&tenfion* 
and  on  dividing  a  body,  till  you  come  to  particles  fo 
minute,  as  to  be  fufceptible  of  no  farther  divifion, 
you  have  got  to  the  Wolfian  monad,  which  differs, 
therefore,  from  the  moft  fubtile  particle  of  duft^only 
in  this,  that  the  minUteft  particles  of  duft  are  not, 
perhaps,  fufficiently  fmall,  and  that  a  farther  divifion 
is  ftill  neceffary  to  obtain  real  monads. 

Now,  according  to  Mr.  Wolff,  not  only  all  bodies 
are  compofed  of  monads,  but  every  fpirit  is  merely 
a  monad ;  and  the  Supreme  Being,  I  tremble  as  I 
write  it,  is,  likewife,  a  monad.  This  -does  not  con- 
vey a  very  magnificent  idea  of  God,  of  fpirits,  and 
of  the  fouls  of  men.  I  cannot  conceive,  that  my 
foul  is  nothing  more  than  a  being,  fimilar  to  the  laft 
particles  of  a  body,  or  that  it  is  reduced  almoft  to  a 
point.  It  appears  to  me  ftill  lefs  capable  of  being 
maintained,  that  feveral  fouls  joined  together,  might 
form  a  body,  a  flip  of  paper,  for  example,  to  light  a 
pipe  of  tobacco.  But  the  fupporters  of  this  opinion, 
go  upon  this  ground,  that  as  a  fpirit  has  no  magni- 
tude, it  muft,  of  neceflity, l  refemble  a  geometrical 
point.   Let  us  examine  the  folicjity  of  their  reafoning. 

I  remark,  firft,  that  as  a  fpirit  is  a  being  of  a  na- 
ture totally  different  from  that  of  body,  it  is  abfurd 
to  apply  to  it  ftandards,  which  fuppofe  magnitude, 
and  that,  confequently,  it  would  be  folly  to  afk,  how 
many  feet,  or  inches,  long,  a  fpirit  is,  or  how  many 
pounds,  or  ounces,  it  weighs  ?  Thefe  queftions  are 
applicable  only  to  things  which  have  length,  or 

Voju  I.  A  a  weight ; 
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weight :  and  arc  as  abfurd  as  if,  fpeaking  of  time,  it 
were  to  be  afked,  how  many  feet  long  an  hour  was, 
or  how  many  pounds  it  weighed  ?  I  can  always,  con- 
fidently, affirm,  that  an  hour  is  not  equal  to  a  line  of 
*  100  feet,  or  of  ten  feet,  or  of  one  foot,  or  any  other 
ftandard  of  meafure ;  but  it  by  no  means  follows, 
that  an  hour  muft  be  a  geometrical  point.  An  hour 
is  of  a  nature  entirely  different,  and  it  is  impoflible 
to  apply  to  it  any  ftandard,  which  fuppofes  a  length, 
which  may  be  exprefled  by  feet,  or  inches. 

The  fame  thing  holds  good  as  to  fpirit.  I  can  al- 
ways boldly  affirm,  that  a  fpirit  is  not  ten  feet,  nor 
ioo.fcet,  nor^any  other  number  of  feet ;  but  it  does 
not  hence  follow,  that  a  fpirit  is  a  point,  any  more 
than  that  an  hour  muft  be  one,  becaufe  it  cannot  be 
meafured  by  feet  or  inches.  A  fpirit,  then,  is  not  a 
monad,  or  in  any  refped  fimilar  to  the  ultimate  parr 
tides  into  which  bodies  may  be  divided ;  and  you 
are  perfc&ly  able  to  comprehend,  that  a  fpirit  may 
have  no  extenfion,  without  being,  on  that  account, 
a  point,  or  a  monad.  We  muft,  therefore,  feparate 
every  idea  of  extenfion  from  that  of  fpirit. 
.  To  alk,  In  what  place  does  a  fpirit  refide  ?  would 
be,  for  the  fame  reafon,  likewife,  an  abfurd  queftion  j 
for  to  conneft  ipirit  with  place,  is  to  afcribe  exten- 
fion to  it.  No  more  can  I  fay,  in  what  place  an  hour 
is ;  though  affuredly  an  hour  is  fomething ;  foinc* 
thing,  therefore,  may  exift,  without  being  attached 
to  a  certain  place.  I  can,  in  like  manner;  affirm, 
that  my  foul  does  not  refide  in  my  Kead,  nor  out  of 
my  head,  nor  in  any  particular  place  ;  without  it's 

being 
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being  deduced,  a$  a  confluence,  that  my  foul  has, 

therefore,  no  exiftence ;  juft  as  it  may  be  with  truth 
affirmed  of  the  hour  now  pafling,  that  it  exifts  nei- 
in  my  head,  nor  out  of  my  head.  A  fpirit  exifts, 
then,  though  not  in  a  certain  place ;  but  if  our  re* 
fle&ion  turns  on  the  power  which  a  fpirit  has,  of 
g&ing  upon  a  body,  the  a&ion  is,  moft  undoubtedly, 
performed  in  a  certain  place. 

My  foul,  then,  does  not  exift  in  a  particular  place, 
but  it  aifts  there,  and  as  God  pofleffes  the  power  of 
a6Hng  upon  all  bodies,  it  is,  in  this  refpeft,  we  fay, 
He  is  every  where,  though  his  exiftence  is  attached 
to  no  place* 

IO/£  January  >  1761, 

LETTER    XCJJL 

The  Subjeft  continued.    Reflexions  on  the.  State  of  Souls 

after  Death. 

^^70X5  will,  probably,  be  fiirprized  at  the  fenti* 
•*  ment  which  I  have  juft  now  ventured  to  ad- 
vance, that  fpirits,  in  virtue  of  their  nature,  are  ifi 
no  place.  In  thus  affirming,  I  fhali,  perhaps,  be  ill 
danger  of  paffing  for  a  man  who  denies  the  exift* 
enee  of  fpirits,  and,  confequently,  that  of  God.  But 
I  have  already  demonftrated,  that  fomething  may 
^xift,  and  have  a  reality,  /without  being  attached  to 
any  on?  place.  The  example  di?wn  from  *n  hour, 
though  feeble,  removes  the  greateft  difficulties,  though 

A  a  2  there 
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there  is  an  infinite  difference  between  "an  hour  and  a 
(pirit. 

-  The  idea  which  I  form  of  fpirits,  appears  to  me 
incomparably  more  noble  than  that  of  thofe  who 
confider  them  as  geometrical  points,  and  who  reduce 
God  himfelf  to  this  clafs.  What  can  be  more  fhock- 
jng  than  to  confound  all  fpirits,  and  the  Supreme 
Being  among  the  reft,  with  the  minuteft  particles 
into  which  a  body  is  divifible,  and  to  rank  them  in 
the  fame  clafs  with  thefe  particles,  which  it  is  not  in 
the  power  of  the  learned  term  monad  to  ennoble  ? 

To  be  in  a  certain  place,  is  an  attribute  belonging 
only  to  corporeal  things,  and,  as  fpirits  are  of  a  to- 
tally different  nature,  it  is  not  a  matter  of  furprize 
to  fay,  that  they  ate  not  to  be  found  in  any  place, 
and  I  am  under  no  apprehenfion  of  reproach,  for  the 
elucidations  which  I  have  fubmitted  to  you  on  this 
fubject.  It  is  thus  I  exalt  the  nature  of  fpirits  infi- 
nitely above  that  of  bodies. 

Every  fpirit  is  a  being  that  thinks,  refle&s,  rea- 
fons,  deliberates,  afts  freely,  and,  in  one  word,  that 
lives :  'whereas  body  has  no  other  qualities  but  that 
of  being  extended,  fufceptible  of  motion,  and  impe- 
netrable ;  from  whence  refults  this  univerfal  quality, 
fhat  every  body  remains  in  the  fame  ftate,  as  long  as 
there  is  no  neceffity  of  mutual  penetration,  or  of 
their  undergoing  fome  change ;  and  in  cafe  of  the 
iieceffity  of  their  penetrating  each  other,  if  they  con- 
tinued to  remain  in  their  ftate,  their  impenetrability 
.kfjblf ;  fupplies  the  powers  requisite  to  change  their 

ft^te, 
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ftate,  as  far  as  'it  is  neceflary  to  prevent  all  penetra- 
tion. 

In  this  confift  all  the  changes  which  take  place  in: 
bodies :  all  is  paffive,  and  neceffarily  befalls  them  in 
conformity  to  the  laws  of  motion.   There  is,  in  body,  • 
neither  intelligence,  nor  will,  nor  liberty:  thefe  are; 
the  fupereminent  qualities  of  fpirits,  while  bodies  are 
not  even  fufceptible  of  them. 

It  is  fpirit,  likewife,  which  produces,  in  the  corpo- 
real world,  the  principal  events,  the  illuftrious  ac- : 
tions,  of  intelligent  beings*  which  are  all  the  effeft 
of  the  influence  which  the  fouls  of  men  exercife 
upon  their  bodies.  This  power,  which  every  foul  - 
has  over  it's  body,  cannot  but  be  confidered  as  a  gift 
of  God,  who  has  eftablifhed  this  wonderful  union 
between  foul  and  body.  And  as  I  find  my  foul  in 
fuch  an  union  with  a  certain  particle  of  my  body, 
concealed  in  the  brain,  it  may  be  faid,  that  the  feat 
of  my  foul  is  in  that  fpot,  though,  properly  fpeak- 
ing,  my  foul  refides  no  where,  and  is  referable  to 
that  place  of  my  body,  only  in  virtue  of  it's  a&ion, 
and  of  it's  power. 

It  is  alfo  the  influence  pf  the  foul  upon  the  body 
which  conftitutes  it's  life,  which  continues  as  long  as 
this  unifon  fubfifts,  or  as  the  organization  of  the 
bpdy  remains  entire.  Death,  then,  is  nothing  elfe 
but  the  diffolution  of  this  union,  and  the  foul  has 
no  need  to  be  tranfpprted  elfewhere ;  for,  as  it  re- 
fides  in  no  place,  all  places  muft  be  indifferent  to  it ; 
and,  confequently,  if  it  flxould  pleafe  God,  after  my . 
death,  to  eiUblifli  a  new  union  between  my  foul,  ap4 
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an  organized  body  in  the  moon,  I  fliould  inftantly 
be  in  the  moon,  without  the  trouble  of  a  long  jour- 
ney.   And  if,  even  now,  God  were  to  grant  to  Ay 
foul,  a  power  over  an  organized  body  in  the  moon,  I 
fhould  be  equally  here,  and  in  the  moon ;  and  this 
involves  no  manner  of  contradiction.    It  is  body 
only  which  cannot  be  in  two  places  at  once ;  but 
there  is  nothing  to  prevent  fpirit,  which  has  no  re- 
lation to  place,  in  virtue  of  it's  nature,  to  act  at  the 
fame  time,  on  feveral  bodies,  fituated  in  places  very 
remote  from  each  other;   and,  in  this  refpeft,  it 
might  be  (aid,  with  truth,  that  it  was  in  all  theft 
jdaces  at  once. 

This  fupplies  us  with  a  dear  elucidation  of  the 
omniprefence  of  God :  it  is,  that  his  power  extend* 
to  the  whole  univerfe,  and  to  all  the  bodies  which  it 
contains.  It  appears  to  ttie,  of  confequence,  aft  iffi* 
proper  expreffiort,  to  fay,  that  God  exifts  everywhere, 
as  the  exiftence  of  a  fpirit  has  no  relation  to  place. 
It  is  more  confonant  with  propriety  to  fay,  God  is 
every  where  prcfent. 

Let  us  now  compare  this  idea  With  that  of  thd 
Wolfians,  who,  reprefenting  Deity  under  the  idea 
of  a  point,  attach  hitn  to  one  fixed  place,  as,  in  fa&* 
a  point  cannot  be  in  feVetal  places  at  once  \  and  how 
is  it  poflibfe  to  reconcile  the  divine  omnipotence, 
«rith  the  idea  of  a  point  ? 

Death  being  a  diffoiutkm  0f  the  union  fubfifting 
fcfetween  the  foul  and  body  during  life,  we  afe  e»* 
*bled  to  form  fbme  idea  of  the  ftate  of  the  foul  after 
jteatlu  As  the  foul,  during  life,  derives  all  it's  know. 

ledge 


;» 


OF  SOULS  AFTER  DEATH.  359 

ledge  through  the  medium  of  the  fenfes,  being  de- 
prived, by  death,  of  the  information  communicated 
through  the  fenfes,  it  no  longer  knows  what  is  paf- 
fing  in  the  material  world ;  this  ftate  might,  in  fomc 
refpe&s,  be  compared  to  that  of  a  man  who  fhould, 
all  at  once,  become  blind,  deaf,  dumb,  and  deprived 
of  the  ufe  of  all  the  other  fenfes.  Such  a  man  would 
retain  the  knowledge  which  he  had  acquired,  through 
the  medium  of  fenfe,  and  might  continue  to  reflect 
on  ideas  previoufly  formed ;  his  own  a&ions,  espe- 
cially, might  fupply  an  ample  ftore,  and,  finally,  the 
faculty  of  reafoning  might  remain  entire,  as  the  body, 
in  no  refpeft  whatever  contributes  to  it's  exercife. 

Sleep,  likewife,  furniflies  us  with  fomething  like 
an  example  of  this  ftate,  as  the  union  between  foul 
and  body  is  then,  in  a  great  meafure,  interrupted  ; 
though  the  foul,  even  in  fleep,  ceafes  not  from  exert- 
ing it's  a&ivity,  being  employed  in  the  produ&ion 
of  what  we  call  dreams.  Thefe  dreams  are  ufually 
very  much  difturbed,  by  the  remains  of  the  influ- 
ence which  the  fenfes  ftill  exercife  over  the  foul ; 
and  we  know,  by  experience,  that  the  more  this  in- 
fluence is  fufpended,  which  is  the  cafe  in  very  pro- 
found fleep,  the  more  regular  and  connefted,  like- 
wife,  our  dreams  are.  Thus,  after  death,  we  fliall 
find  ourfelves  in  a  more  pcrfeft  ftate  of  dreaming, 
which  nothing  fliall  be  able  to  difcompofe ;  it  lhall 
confift  of  reprefentations,  and  reafonings,  perfectly 
well  kept  up.  And  this,  in  my  opinion,  is  nearly  all 
we  can  fay  of  it,  at  leaft,  Ayith  any  appearance  or 
reafon. 
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LETTER  XCIV. 

Conjidcrations  on  the  Aflion  of  the  Soul  upon  the  Body> 

and  of  the  Body  upon  the  Soul. 

AS  the  foul  is  the  principal  part  of  our  being,  it 
is  of  high  importance,  thoroughly  to  invefti- 
gate  it's  operations.  You  will  pleafe  to  recollect, 
that  the  union  between  the  foul  and  the  body,  con- 
tains a  two-fold  influence :  by  the  one,  the  foul  perr 
ceives  and  feels  all  that  paffes  in  a  certain  part  of  the 
brain ;  and  by  the  other,  it  has  the  power  of  a&ing 
on  that  fame  portion  of  the  brain,  and  of  producing 
certain  motions  in  it. 

Anatomifts  have  taken  infinite  pains  to  difcoves 
this  part  of  the  brain,  which  is  juftly  called  the  feat 
of  the  foul ;  not  that  the  foul  actually  refides  there, 
for  it  is  not  confined  to  any  place,  but  becaufe  the 
power  of  a&ing  is  attached  to  that  fpot.  It  may  be 
faid,  that  the  foul  is  prefent  there,  but  not  that  it 
exifts  there,  or  that  it's  exiftence  is  limited  to  it. 
This  part  of  the  brain  is,  undoubtedly,  that  in  which 
all  the  nerves  terminate ;  now,  anatomifts  tell  us, 
that  this  termination  is  in  a  certain  portion  of  the 
brain,  which  they  term  the  callous  body.  This,  there- 
fore, we  may  confider  as  the  feat  of  the  foul,  and  the 
Creator  has  beftowed,  upon  every  foul,  fuch  a  power 
Qver  this  callous  membrane  *  of  his  body,  that  it  not 

*  Since  anatomifts  have  given  us  a  more  excel:  and  particular  de- 
fcription  of  the  brain,  wc  have  been  obliged  to  rclinquifli  this 

opinipn  ; 
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only  perceives  all  that  paffes  there,  but  is,  likewife, 
able  to  produce  a  reciprocal  impreffion.  Here,  then, 
we  obferve  a  two-fold  aftion :  the  one,  by  which  the 
body  afts  upon  the  foul,  and  the  other,  by  which  the 
foul  afts  upon  the  body,  but  thefe  actions  are  infi- 
nitely different  from  thofe  which  bodies  exercife 
upon  other  bodies. 

The  foul,  from  it's  union  with  the  corpus  ca/lofum9 
finds  itfelf  intimately  connefted  with  the  whole  body, 
by  means  of  the  nerves,  which  are  thence  univerfelly 
diffufed.  Now,  the  nerves  are  fibres  fo  wonderfully 
conftrufted,  and,  to  all  appearance,  filled  with  a  fluid 
£0  fubtile,  that  the  flighted  change  which  they  un- 
dergo, at  one  extremity,  is  inftantly  communicated 
to  the  other  extremity  in  the  brain,  where  the  feat  of 
the  foul  is.  And,  reciprocally,  the  flighted  impref- 
fion made  by  the  foul,  on  the  extremities  of  the 
nerves,  in  the  corpus  callo/urn,  is  immediately  trant 
mitted  through  the  whole  extent  of  every  nerve ; 
and  it  is  thus,  that  the  mufcles  and  members  of  our 
bodies  are  put  in  motion,  and  obey  the  commands 
of  the  foul. 

This  wonderful  ftrufture  of  the  body,  places  it  in 
a  very  clofe  connection  with  all  exterior  objefts, 
whether  near  or  remote,  which  may  aft  upon  it, 
either  by  immediate  contaft,  as  in  feeling  and  tafting; 
qx  by  their  exhalations,  as  in  fmelling.     Bodies,  at  a 

opinion  :  but  their  labours  may,  perhaps,  one  day  inform  us,  what 
we  are  to  underftand  by  the  origin  of  the  nerves,  and  even,  to  a 
certain  point,  in  what  manner  they  tranfmit  to  the  brain  the  ira- 
■qreflions  which  they  receive,— F.  E. 

great 
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great  diftancc,  aft  on  the  fenfe  of  hearing,  when  they 
make  a  noiie,  and  exert  in  the  air  vibrations  which 
ftrikc  our  cars ;  they  aft,  likewife,  upon  the  fight, 
when  they  are  illumined,  and  tranfmit  into  our  eyes 
'the  rays  of  light,  which  confift,  in  like  manner,  in  a 
certain  vibration,  caufed  in  that  medium,  much 
more  fubtile  than  the  air,  which  we  call  Ether.  It 
is  thus  that  bodies,  both  near  and  remote,  may  aft 
upon  the  nerves  of  our  body,  and  produce  certain 
impreffions  in  the  corpus  callofum,  from  which  the  foul 
derives  it's  perceptions. 

From  every  thing,  therefore,  which  makes  an  im- 
preffion  on  our  nerves,  there  refults  a  certain  change 
in  the  brain,  of  which  the  foul  has  a  perception, 
and,  thereby,  acquires  the  idea  of  the  objeft  which 
caufed  it.  We  have  here,  then,  two  things  to  be 
examined :  the  one  is  corporeal,  or  material,  which  is 
the  ifnpreffion,  or  the  change  produced  in  the  corpus 
callofum  of  the  brain ;  the  other  fpiritual,  namely, 
the  perception,  or  the  information,  which  the  foul 
derives  from  it.  It  is,  if  I  may  fo  exprefs  myfelf, 
from  the  contemplation  of  what  pafles  in  the  corpus 
callofum,  that  all  our  knowledge  is  derived. 

iTou  muft  permit  me  to  enter  into  a  more  parti- 
cular detail,  on  this  important  article.  Let  us,  firft, 
confider  one  fingle  fenfe,  fay,  that  of  fmelling,  which 
being  the  leaft  complicated,  feems  the  moft  proper  to 
affift  us  in  our  refearches.  Suppofe  all  the  other 
fenfes  annihilated,  and  that  a  rofe  was  applied  to  the 
iiofe ;  it's  exhalations  would,  at  once,  excite  a  cer* 
tain  agitation  in  the  nerves  of  the  nofe,  which, 

theuce 
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thence  tranfmitted  to  the  corpus  callofum^  will  occa* 
fion  there,  llkewife,  fome  change,  and  in  this  confifta 
the  material  drcumftance,  which  is  the  fubjeft  of  our 
iftveftigation.  This  flight  change,  produced  i*  the 
corpus  cdlhfum,  is  then  perceived  by  the  foul,  and  it 
thence  acquires  the  idea  of  the  fmell  of  a  rofe :  and 
thia  Is  the  fpititkal  operation  which  takes  place $  but 
we  cannot  explain  in  what  manner  this  i*  done,  as  it 
depends  on  the  incomprehenfible  union  which  the 
Creator  has  eftablifhed  between  the  body  and  the 
fouL 

It  is  certain,  however,  that  upon  this  change,  in 
the  corpus  callofum,  there  is  excited  in  the  foul  the 
idea  of  the  finell  of  a  rofe,  or  the  contemplation  of 
this  change  furniflies  to  the  foul  a  certain  idea,  that 
of  the  fmell  of  a  rofe,  but  nothing  mote :  for,  as  the 
other  fenfee  are  fufpended,  the  foul  can  form  no  judg- 
ment of  the  nature  of  the  objeft  itfelf*  which  fug* 
gdted  this  Idea ;  the  idea  of  the  fmell  of  a  f  ofe  alone, 
was  excited  in  the  foul.  Hence,  we  comprehend, 
that  the  foul  does  not  form  this  idea  of  itfelf,  for  it 
would  have  remained  unknown,  but  for  the  prefence 
of  a  rofe.  But  farther,  the  foul  is  not  iftdiffereiit 
with  refpeft  to  it ;  the  perception  of  thia  idea  is 
agreeable ;  the  foul  itfelf  is*  fome  how,  interested  in 
it.  Accordihgly,  we  fay,  that  the  foul  feels  the  odour 
of  thfe  rofe,  and  this  perception  we  caU  fenfatkn. 

It  is  the  fame  with  all  the  other  fenfes  j  every  6b* 
jeA,  by  which  they  are  (truck,  excited  in  the  ttofut 
callofum  a  certain  change,  which  the  foul  Obferves 
vnxh  a  fenfttion,  agreeable  or  difagrttabk,  and  from 

which 
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which  it  derives  the  idea  of  the  object  which  caufed 
it.  This  idea  is  accompanied  with  a  feniation,  fo 
much  the  ftrongcr,  and  more  intenfe,  as  the  impref- 
fion  jpadc  on  the  corpus  callofum  is  more  lively.  It  is 
thus,  that  the  foul,  by  contemplating  the  changes 
produced  in  the  corpus  callofum  of  the  brain,  acquires 
ideas,  and  is  affected  by  them  ;  and  this  is  what  we 
underftand  by  the  term  fenfation. 

11  lb  Jan.  1761, 
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Of  the  Faculties  of  the  Soul,  and  of  Judgment. 

T  TAD  we  no  other  fenfe  but  that  of  fjnelling,  our; 

•*■  ■*■  knowledge  would  be  very  limited ;  we  fhould, 
then,  have  no  other  fenfation  than  that  of  odours, 
the  diverfity  of  which,  were  it  ever  fo  great,  could 
not  very  much  intereft  our  foul ;  being  reftriefced  to 
this,  that  agreeable  fmells  would  procure  fome  degree 
of  pleafure,  and  fuch  as  are  difagreeable,  would  ex- 
rite  fome  difguft. 

But  this  very  circumftance  carries  us  forward  to  a 
moft  important  inquiry :  Whence  is  it,  that  one  fmeU 
is  agreeable,  and  another  difgufting  ?  It  cannot  be  a 
matter  of  doubt,  that  agreeable  fmells  excite,  in  the  , 
corpus  callofum,  a  different  agitation  from  that  which 
is  produced  by  the  difagreeable ;  but  how  comes  it, 
that  one  agitation,  in  the  corpus  callofum,  can  give 
j)lcafure  to  the  foul,  while  another  is  offenfiye,  and   * 
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even,  frequently,  becomes  infupportable  ?  The  caufe 
of  this  difference  refides  no  longer  in  body,  and  mat- 
ter ;  we  muft  look  for  it,  in  the  nature  of  the  foul 
itfelf,  which  enjoys  a  certain  pleafure  in  feeling  cer- 
tain agitations,  while  others  excite  uneafinefs :  and 
the  real  caufe  of  this  effeft  we  do  not  know. 

Hence  we  comprehend,  that  the  foul  does  more 
*  than  fimply  perceive  what  paffes  in  the  brain,  or  cor- 
pus callofum  ;  it  fubjoins  to  fenfation,  a  judgment  re- 
fpefting  what  it  finds  agreeable,  or  difgufting,  and, 
confequently,  exercifes,  befide  the  faculty  of  perceiv- 
ing, another,  and  a  different  faculty,  that  of  judging: 
and  this  judgment  is  wholly  different  from  the  fimple 
idea  of  a  fmell. 

The  fame  confideration,  of  the  fenfe  of  fmelling 
only,  difcovers  to  us  ftill  other  afts  of  the  foul.  When 
the  fmells  are  changed,  when  you  apply  to  the  nofe 
a  carnation  after  a  rofe,  the  foul  has  not  only  a  per- 
ception of  both  fmells,  but,  likewife,  remarks  a  dif- 
ference between  them.  Hence  we  conclude,  that  the 
foul  ftill  retains  the  preceding  idea,  to  compare  it 
with  that  which  follows  ;  in  this  confifts  reminifcencey 
or  memory,  by  which  we  have  the  power  of  recall- 
ing ideas,  antecedent  and  paft.  Now,  the  real  fource 
pf  memory  is  entirely  concealed  from  us.  We  know 
well,  that  the  body  has  much  to  do  in  it ;  for  expe- 
rience affures  us,  that  difeafe,  and  various  accidents, 
which  befall  the  body,  weaken,  and  frequently  de- 
fixoy,  the  memory :  it  is  equally  certain,  at  the  fame 
time,  that  the  recolle&ion  of  ideas  is  the  proper 
work  of  the.  foul.    A  recolle&ed  idea  is  effentially 

6  different 
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different  from  an  idea  excited  by  an  objeft.  I  Have 
a  perfect  recollection  of  the  fun,  which  I  faw  to  day, 
but  this  idea  greatly  differs  frpm  that  which  I  had 
whik  I  was  looking  at  the  fim. 

Some  author*  pretend,  that  when  we  recall  an  idea, 
there  happens  m  the  brain  an  agitation  iimilar  to 
that  which  firft  produced  it ;  but  if  this  were  the 
cafe,  I  fliould  actually  fee  the  fun ;  it  would  no  Ion*- 
ger  be  a  recollected  idea*    They  admit,  indeed,  that 
the  agitation  which  accompanies  the  recalled  idea,  is 
much  weaker  than  that  from  which  the  original  idea 
proceeded  j  but  ftill  I  am  pot  fatisfied  with  this,  for 
it  would  thence  follow,  that  when  I  recal  the  idea  of 
the  fun,  it  would  be  much  the  fame  as  when  I  fee 
the  moon,  the  light  of  which,  you  will  pieafe  to  re- 
member, is  about  300,000  times  weaker  than  that 
of  the  fun.    But  actually  to  look  at  the  moon,  and 
limply  to  recoiled  the  fun,  are  two  things  absolutely 
different. 

We  may  &y  with  truth,  that  the  recolleded  ideas 
are  the  fame  with  the  adual  ideas ;  but  this  identity 
reipeds  only  the  foul ;  with  regard  to  the  body,  the 
adual  idea  is  accompanied  with  a  certain  agitation  in 
the  b*ain,  whereas  the  recolleded  one  is  deftitute  of 
it.  .Accordingly,  we  lay,  that  the  idea  which  I  feeli 
or  which  an  objed  ading  on  my  fenfes  excites  m  my 
foul,  is  a  fenfation  ;  but  it  can  with  no  propriety  be 
laid,  that  a  recotHeded  idea  is  a  fenfation.  To  recal- 
led, and  to  feel,  always  remain  two  things,  abfoiutdy 
different. 

When,  therefore,  the  foul  compares  two  different 
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fmells,  when  it  has  the  idea  of  the  one  from  the  pre- 
fence  of  an  objeft  acting  on  the  fenfe  of  (melting, 
and  that  of  the  other  from  recolle&ion,  it  has,  in 
fo&,  two  ideas  at  once,  the  a&ual  idea,  and  the  recol- 
le&ed  idea :  and  in  pronouncing,  whether  of  the  two 
is  more  or  lefs  agreeable,  or  difagreeable,  it  exerts  a 
firticular  faculty,  diftinft  from  that  by  which  it 
only  contemplates  what  is  prefented  to  it. 

But  the  foul  performs  ftill  other  operations ;  when 
a  fucceflion  of  feveral  different  fmells  is  prefented  to 
it ;  for  while  it  is  ftruck  with  each  of  thefe,  in  it's 
turn,  the  preceding  are  recollected,  and  a  notion  is 
thereby  acquired  of  paft  and  prefent,  and  even  of 
future,  when  new  fenfations  are  propofed,  fimilar  to 
thofe  of  which  it  has  already  had  experience.  It 
thence,  likewife,  derives  the  idea  of  fucceffion,  in  as 
much  as  it  undergoes  feveral  impreffions  fucceffively, 
and  hence  refults  the  idea  of  duration,  and  of  time. 
Finally,  on  remarking  the  diverfity  of  fenfations, 
which  fucceed  each  other ;  it  begins  to  reckon  mey 
two,  three,  &c.  though  this  fliotfld  not  go  farther, 
from  want  of  figns,  or  names,  wherewith  to  mark 
numbers.  For,  fuppofing  a  man  has  juft  begun  to 
exift,  and  who  has  hitherto  experienced  -no  fenfa- 
tions, but  thofe  of  which  I  have  been  fpeaking  j  hx 
from  having  created  a  language  for  himfelf,  he  only 
knows  how  to  exert  his  firft  faculties,  on  the  Ample 
ideas  which  the  fenfe  of  fmelling  prefents  to  him. 

You  fee,  then,  that  the  man  in  queftion,  has  al- 
ready acquired  the  capacity  of  forming  to  himfelf 
ideas  of  diverfity,  of  the  prefent,  of  the  paft,  and 

eveiv 
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even  of  the  future ;  afterwards,  of  fucceflion,  of  the 
duration  of  time,  and  of  number,  or  at  leaft  of  the 
elements  of  thefe  ideas.    Some  authors  pretend,  that 
fuch  a  man  could  not  acquire  the  idea  of  the  dura- 
tion of  time,  without  a  fucceffion  of  different  fenfa- 
tions ;  but  it  appears  to  me,  that  the  fame  fenfation, 
the  fmell  of  the  rofe,  for  example,  being  continued 
for  a  confiderable  time  together,  he  would  be  dif- 
ferently affe&ed  by  it,  than  he  would,*  if  it  were  pre- 
fendy  withdrawn.     A  very  long  duration,  of  the 
fame  fenfation,  would,  at  length,  become  tirefome, 
which  would,  neceffarily,  excite  in  him  the  idea  of 
duration.     It  muft  certainly  be  allowed,  that  his  foul 
would  be  fenfible  of  a  very  different  effeft,  if  the 
fenfation  were  continued  long,  than  if  it  lafted  only 
for  a  moment :  and  the  foul  will  clearly  perceive 
this  difference ;  it  will,  accordingly,  have  fome  idea 
of  duration,  and  of  time,  without  any  variation  of 
the  fenfation  s. 

Thefe  reflections  which  the  foul  makes,  occafioned 
by  it's  fenfations,  are  what  properly  belong  to  it's 
fpirituality,  the  body  furnifhing  only  fimple  fenfations. 
The  perception  of  thefe  fenfations  is,  already,  an  aft 
of  the  fouPs  fpirituality ;  for  a  body  can  never  ac- 
quire ideas. 

ZQth  January >  1761* 
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LETTER  XCVI: 

Vonviftion  of  the  fextjlerice  6f  v)hat  we  pefceive  by  the 
Senfes.    Of  the  Idealijls>  Egotijls,  and  Materialifts. 

IN  all  the  fertfatiorts  which  we  experience,  wheii 
one  of  our  fenfes  is  ftruck  by  any  objeft,  it  is  a 
matter  of  high  importance  to  remark,  that  the  foul 
not  only  acquires  an  idea,  conformed  to  the  imprefc 
fion  made  on  the  nerves,  but  that  it  judges,  at  the 
lame  time*  there  muft  exift  an  exterior  object,  which 
furniflied  this  idea.  Though  habit  makes  us  con* 
fider  this  judgment  as  extremely  natural,  yet  we 
ha,Ve  reafon  tQ  be  aftoniflied  at  it,  when  we  examine, 
•more  attentively,  what  then  paffes  in  our  brain. 

An  example  will  place  this  in  a  clear  light.  Ifhall 
fuppofe  you  looking  at  the  full  moon,  by  night;  the 
rays  which  enter  into  your  eyes  will,  at  once,  paint 
on  the  retina,  an  image  fimilar  to  the  moon,  for  the 
minute  particles  of  the  retina  are*  by  the  rays,  put 
into  a  vibration  fimilar  to  that  which  agitates  thofe 
of  the  mdon.  Now,  the  retina,  being  only  a  con- 
texture of  nerves,  extremely  fubtile,  you  eafily  com- 
prehend, that  thefe  nerves  muft  hence  undergo  a  cer- 
tain agitation,  which  will  be  tranfmitted  to  the  ori- 
gin of  the  nerves  in  the  brain.  There  will  be  ex- 
cited, therefore,  likewife,  in  that  portion  of  the 
brain,  a  certain  agitation,  which  is  the  real  object  that 
the  foul  contemplates*  and  from  which  it  derives  an 
article  of  knowledge,  which  is  the  idea  of  the  moon. 

Vol.  I.  B'b  Confe- 
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Confequendy,  the  idea  of  the  moon  is  nothing  elfe* 
but  the  contemplation  of  this  flight  agitation^  affect- 
ing the  origin  of  the  nerves. 

The  a&ivity  of  the  foul  is  fo  much  attached  to 
the  fpot  in  which  the  nerves  terminate,  that  it  abfo-* 
lutely  knows  notliing  of  the  images  painted  on  the 
bottom  of  the  eye,  and  ftill  lefs  of  the  moon,  whofe 
rays  have  formed  thefe  images.  Hie  foul,  however, 
does  not  fatisfy  itfelf  with  the  mere  {peculation  of 
the  agitation  in  the  brain,  which  fuppHes  it  imme- 
diately with  the  idea  of  the  moon,  it  fubjoms  to  this, 
the  judgment,  that  there  really  exifts,  out  of  us,  an 
object,  which  we  call  the  moon.  This  judgment  is 
reduced  to  the  following  reafoning. 

There  has  taken  place  in  my  brain  a  certain  agita- 
tion, a  certain  impreffion ;  I  do  not  abfclutefy  know 
!by  what  caufe  it  has  been  produced,  as  I  know  no- 
thing  even  of  the  images,  which  are  the  immediate 
caufe  of  it  upon  the  retina ;  neverthelefs,  I  boldly 
pronounce,  that  there  is  a  body  out  of  me,  the  moon, 
which  fupplied  me  with  this  fenfation. 

What  a  confequence  ?  May  it  not  be  more  pro- 
bable, that  this  agitation,  or  this  impreffion,  is  pro- 
duced, in  my  brain,  by  fome  internal  caufe,  fuch  as 
the  motion  of  the  blood,  or,  perhaps,  merely  by 
chance  ?  What  right  have  I,  then,  to  conclude,  that 
the  moon  a&ually  exifts  ?  If  I  conclude  from  it,  that 
there  is,  at  the  bottom  of  my  eye,  a  certain  image, 
this  might  pafs ;  as,  in  fad,  this  image  is  the  imme- 
diate cauCe  of  the  impreffion  made  on  my  brain ; 
though  it  was  fufficiently  bold  to  hazard  even  this 
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conclusion*  But  I  go  much  farther,  and,  becaufe 
there  is  a  certain  agitation  in  my  brain,  I  proceed  to 
conclude,  that  there  exifts,  out  of  my  body,  nay,  in 
the  heavens,  a  body  which  is  the  firft  caufe  of  fuch 
impreffion,  and  that  this  body  is  the  moon. 

In  fleep,  when  we  imagine  we  fee.  the  moon,  the 
foul  acquires  the  fame  idea :  and,  perhaps,  a  fimilar 
agitation  is  then  produced  in  the  brain,  as  the  foul 
imagines  that  it  then  really  fees  the  moon.  It  is* 
undoubtedly,  certain,  that,  in  this,  we  deceive  our* 
felves :  but  what  affurance  have  we,  that  our  judg- 
ment is  better  founded  when  we  are  awake  ?  Philo* 
fophers  have  loft  their  way,  more  than  once,  in  en- 
deavouring  to  folve  this  difficulty. 

What  I  have  juft  faid,  refpe&ing  the  moon,  take& 
place  with  regard  to  all  the  bodies  which  we  fee.' 
The  confequence  is  not  apparent,  that  there  muft 
exift  bodies  out  of  us,  becaufe  our  brain  undergoes 
certain  agitations,  or  impreflions.  This  applies  even 
to  our  own  limbs,  and  to  our  whole  body,  of  which 
we  know  nothing  but  by  means  of  the  fenfes,  and 
of  the  impreflions  which  they  make  in  the  brain  : 
if,  then,  thefe  impreflions,, and  the  ideas  which  the  ' 
Jfoul  derives  from  them,  prove  nothing  as  to  the  ex- 
iftence  of  body,  that  of  our  own  body  becomes 
equally  doubtful. 

You  wi!!  not,  therefore,  be  furprized,  that  there 
fliould  be  philofophers,  who  have  openly  denied  thd 
exiftence  of  bodies  j  and,  in  truth,  it  is  not  eafy  to 
refute  them.  They  derive  a  very  ftrong  argument 
from  dreams,  iii  which  we  imagine,  tljat  we  fee  fo 
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many  bodies,  which  have  no  exiftence.  It  is  laid, 
with  truth,  that  then  it  is  pure  illufion j  but  what 
aflurance  have  we,  that  we  are  not  under  the  power 
of  a  fimilar  illufion  when  awake  ?  According  to  thefe 
philofbphers,  it  is  not  an  illufion :  the  foul,  they  ad- 
mit, perceives  a  certain  impreflion,  an  idea,  but  they 
boldly  deny  it  to  be  a  confequence,  that  bodies  really 
exift,  which  correfpond  to  thofe  ideas.  The  fup-  | 
porters  of  this  fyftem  are  called  Idea/i/isy  becaufe  they  i 
admit  the  ideas  only  of  material  things,  and  abfo-  [ 
lutely  deny  their  exiftence.  They  may,  likewife,  be 
denominated  Spiritualijis^  as  they  maintain,  that  no 
beings  exift,  except  fpirits.  •     -- 

And  as  we  do  not  know  other  fpirits,  but  by 
means  of  the  fenfes,  or  of  ideas,  there  are  philofo- 
phers  who  go  fo  far  as  to  deny  the  exiftence  of  all 
fpirits,  their  own  foul  excepted,  of  the  exiftence  of 
which  every  one  is  completely  convinced.  Thefe  are 
called  Egotijisy  becaufe  they  pretend  that  nothing 
exifts  but  their  own  foul. 

To  them  are  oppofed  the  philofophers,  whom  we 
denominate  Materialijls,  who  deny  the  exiftence  of 
fpirits,  and  maintain,  that  every  thing  which  exifts 
is  matter,  and  that  what  we  call  our  foul  is  only 
matter,  extremely  fubtile,  and  thereby  rendered  ca- 
pable of  thought. 

tifth  January,  176 1. 
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Refutation  of  the  Idealijls. 

I  WISH  it  were  in  my  power  to  furnifh  you  with 
the  arms  neceffary  to  combat  the  Idealifts  and  the 
Egotifts,  by  demonftrating,  that  there  is  a  real  con- 
nection between  our  fenfations  and  the  objefts  them- 
felves,  which  they  reprefent ;  but  the  more  I  think 
of  it,  the  more  I  feel  my  own  incapacity. 

It  would  be  ridiculous  to  think  of  engaging  with 
the  Egotifts :  for  a  man  who  imagines  he  alone  exifts, 
and  who  does  not  believe  in  my  exiftence,  would  aft 
in  contradiction  to  his  own  fyftem,  if  he  paid  any 
attention  to  my  reafoning,  which,  according  to  him, 
would  be  that  of  an  imaginary  being.  It  is,  like- 
wife,  a  hard  tafk  to  confute  the  Idealifts,  nay,  it  is 
impoffible  to  convince,  of  the  exiftence  of  bodies,  a 
man  obftinately  determined  to  deny  it.  Though  no. 
fuch  philosophers  exifted,  it  would  be  highly  inte* 
refting  to  be  able  to  convince  ourfelves,  that  as  often 
as  our  foul  experiences  fenfations,  it  may  be  with 
certainty  concluded,  that  bodies  likewife  exift ;  and 
that,  when  my  foul  is  afFefted  by  the  fenfation  of 
the  moon,  I  may  thence  boldly  infer  the  exiftence 
of  the  moon. 

But  the  union  which  the  Creator  has  eftabliflied 
between  the  foul  and  the  brain,  is  a  myftery  fo  un- 
fathomable, that  all  our  knowledge  of  it  amounts 
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only  to  this :  Certain  imprcffions  made  in  the  brain, 
where  the  feat  of  the  foul  is,  excite  in  it  certain  ideas, 
or  fenfations ;  but  the  how,  of  this  influence,  is  abfo> 
lutely  unknown  to  us.  We  ought  to  fatisfy  our- 
felves  with  knowing,  that  this  influence  fubfifts, 
which  experience  fufficiently  confirms  j  and  it  is  in 
vain  to  inveftigate  how  this  is  produced.  Now*  the 
fkine  experience  which  proyes  it,  inforpis  us,  like? 
wife,  that  every  fenfation  always  difpofes  the  foul  to 
believe  that  there  exifts,  out  of  it,  fpme  obje&  which 
excited  fuch  fenfation ;  and  that  fenfation  difcovers 
to  us  feveral  properties  of  the  objeft. 

It  is,  then,  a  moil:  undoubted  fad,  that  the  foul 
always  concludes,  from  any  fenfation  whatever,  the 
exiftence  of  a  real  objeft,  out  of  us.  This  is  fo  na- 
tural to  us,  from  our  earlieft  infancy,  and  fo  univer- 

a 

laity  the  cafe  with  all  men,  and  even  with  animals, 
that  it  cannot,  with  any  propriety,  be  called  a  preju- 
dice. The  dog  that  barks  when  he  fees  me,  is  cer- 
tainly convinced  that  I  exift ;  for  my  prefence  ex- 
cites in  him  the  idea  of  my  perfon.  The  dog,  then, 
is  not  an  idealift.  Even  the  meaneft  infects  are  af- 
fured  that  bodies  exift,  out  of  them,  and  they  could 
not  have  this  conviction,  but  by  the  fenfations  ex- 
cited in  their  fouls. 

I  believe,  therefore,  that  fenfations  include  much 
more  than  thofe  philofophers  are  difpofed  to  admit. 
They  are  not  only  fimple  perceptions  of  certain  im- 
preffions  made  in  the  brain ;  they  fupply  the  foul 
not  with  ideas  only,  but  they  effe&ively  reprefent 
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to  it  obje&s  externally  exifting,  though  we  cannot 
comprehend  how  this  is  done. 

In  fact,  what  refemblance  can  there  be  between 
the  luminous  idea  of  the  moon,  and  the  flight  irru 
preffion  which  it's  rays  may  produce  in  the  brain,  by 
means  of  nerves  ? 

The  idea,  even  in  as  far  as  the  foul  perceives  it, 
has  nothing  material ;  it  is  an  ad  of  the  foul,  which 
is  a  fpirit :  it  is  not  neceffary,  therefore,  to  look  for 
a  real  relation  between  the  impreiSons  of  the  brain, 
and  the  ideas  of  the  foul ;  it  is  enough  for  us  to 
know,  that  certain  impreffions  made  in  the  brain, 
excite  certain  ideas  in  the  foul,  and  that  thefe  ideas 
are  reprefentations  of  obje&s  externally  exifting,  of 
whofe  exiftence  they  give  us  the  affurance. 

Thus,  when  my  brain  excites  in  my  foul  the  fen* 
fation  of  a  tree,  or  of  a  houfe,  I  pronounce,  without 
hefitation,  that  a  tree,  or  a  houfe,  really  exifts,  out 
of  me,  of  which  I  know  the  place,  the  fi?;e,  an4 
other  properties.  Accordingly,  we  find  neither  man 
nor  beaft,  who  calls  this  truth  in  queftion.  If  4 
clown  fliould  take  it  into  his  head  to  conceive  fuch 
a  doubt ;  and  fliould  fay,  for  example,  he  does  not 
believe  that  his  bailiff  exifts,  though  he  ftands  in  his 
prefence,  he  would  be  taken  for  a  piadjnan,  an4 
with  good  reafon ;  but  when  a  philofopher  advances 
fuch  fentiments,  he  expects  we  fliould  admire  his 
knowledge  and  fagacity,  which  infinitely  furpafs  the 
apprehenfions  of  the  vulgar. 

It  appears  to  me,  accordingly,  abundantly  certain , 
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that  fuch  extravagant  fentimepts  would  never  hav£ 
been  maintained,  but  from  pride,  and  an  affectation 
of  Angularity :  and  you  will  readily  agree,  that  the 
common  people  have,  in  this  refpeft,  much  more 
good  fepfe  than  thofe  learned  gentlemen,  who  de- 
rive no  other  advantage  from  their  refearches,  but 
that  of  bewildering  themfelves  in  a  labyrinth  of  chi- 
meras, unintelligible  to  the  reft  of  mankind.* 

Let  it  be  eftablifhed,  then,  as  a  certain  rule,  that 
every  fenfation  not  only  excites  in  the  foul  an  idea, 
but  fhews  it,  if  I  may  fo  exprefe  myfelf,  an  external 
objeft,  of  whofe  exiftence  it  gives  full  aflurance,  with- 
out praftifing  a  deception.  A  very  formidable  ob; 
je&ion,  however,  is  ftarted  againft  this,  arifing  from 
dreams,  and  the  reveries  of  fick  perfons,  in  which 
the  foul  experiences  a  great  variety  of  ferfations  of 
obje&s  which  no  where  exift.  The  only  refle6Hon 
I  fliall  fuggeft  on  this  fubjeci:  is,  that  it  muft  be  very 
natural  for  us  to  judge  that  the  obje&s,  the  fenfa- 
tions  of  which  the  foul  experiences,  really  exift,  as 
we  judge  after  this  manner  even  in  fleep,  though 
then  we  deceive  ourfelves ;  but  it  does  riot  thence 
follow,  that  we  likewife  deceive  ourfelves  when  we 

•  •  *  ^ 

|ure  awake.     In  order  to  folve  thi3  obje&ion,  it  is 

*  Mr.  Eulcr  fecms  here  to  be  confounding:  two  different  ouef- 
{ions,  that  of  the  exiftence  of  exterior  objects,  and  that  of  a  kind 
of  real  refemblance  between  thefe  objects  and  the  idea  which  we 
have  of  them.  Barclay  has,  however,  carefully  diftinguilhed  them, 
and  has  clearly  pointed  out  the  difference.  All  we  can  at  prefent 
flo,  is  to  refer  the  reader  to  the  article  Ex[ftencey  in  the  Encyclopedia, 
the  only  work  in  which  thefe  queftions  have  been  treated. with  an 
exa&  analyfis. — F.  E. 
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neceffary  to  know  better  the  difference  of  the  ftatc 
of  the  man  who  is  afleep,  and  of  him  who  wakes  ; 
and  none,  perhaps,  know  this  lefs  than  the  learned, 
which  muft  furely  be  a  matter  of  (pme  furprize  to 

0 

you, 

* 
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The  Faculty  of  Perceiving.    Reminifcence,  Memory,  pnd 
Attention.     Simple  and  compound  Ideas. 

YOU  are  by  this  time  fenfible,  that  obje&s,  by 
a&ing  upon  our  fenfes,  excite  in  the  foul  fenfa- 
tions,  from  which  we  judge  that  they  really  exift, 
out  of  us.  Though  the  impreflions  which  occafion 
thefe  fenfations  are  made  in  the  brain,  they  prefent, 
then,  to  the  foul,  a  fpecies  of  image  fimilar  to  the 
objeft  which  the  foul  perceives,  and  which  is  called 
the  fenfible  idea,  becaufe  it  is  excited  by  the  fenfes. 
Thus,  on  feeing  a  dog,  the  foul  acquires  the  idea  of 
it,  and  it  is  by  means  of  the  fenfes  that  the  foul 
comes  to  the  knowledge  of  external  objefts,  and  ac- 
quires fenfible  ideas  of  them,  which  are  the  founda- 
tion  of  all  our  attainments  in  knowledge. 

This  faculty  of  the  foul,  by  which  it  acquires  the 

knowledge  of  external  things,  is  denominated  the 

faculty  of  perception,  and  depends,  no  doubt,  on  the 

wonderful  union  which  the  Creator  has  eftabliflied 

between  %  he  foul  and  the  brain.    Now,  the  foul  has 

ftill 
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{till  another  faculty,  that  of  recalling  ideas  already 
communicated  by  the  fenfes;  and  this  faculty  i& 
named  remini/cence,  or  imagination.  Thus,  having 
once  feen  an  elephant,  you  will  be  able  to  recollect 
the  idea  of  that  animal,  though  it  is  no  longer  be* 
fore  you.  There  is,  however,  a  mighty  difference 
between  aftual  and  recolle&ed  ideas:  the  former 
make  an  impreffion  much  more  lively  and  interefb* 
ing  than  the  latter,  but  the  faculty  of  recalling  ideas 
\s  the  principal  fource  of  all  our  knowledge. 

Did  we  lofe  the  ideas  of  obje&s  as  foon  as  they 
ceafe  to  aft  ypon  our  fenfes,  we  fhould  never  be  able 
to  make  any  reflection,  any  companion. ;  and  our 
^Knowledge  would  be  entirely  confined  to  the  tilings 
which  we  fhould  feel  at  the  moment,  all  preceding 
ideas  being  extingnifhed,  as  if  we  had  never  -poflefle4 
them. 

It  is,  therefore,  a  faculty  eflential  to  reafonable 
beings  and  with  which  animals  too  are  endowed, 
that  pf  being  able  to  recollect  paft  ideas.  You  know 
the  faculty  of  which  I  fpeak  is  memory.  It  by  no 
means  follows,  however,  that  we  have  it  always  in 
our  power  to  recall  all  our  paft  ideas.  How  fre- 
quently do  we  exert  ourfelves  in  vain  to  recollect 
certain  ideas  which  we  formerly  had?  Sometimes 
we  forget  them  entirely ;  but  for  the  moft  part  only 
partially. 

If  you  fhould  happen,  for  example,  to  forget  the 
demonftration  of  the  Pythagorean  theorem ;  with 
all  your  efforts,  perhaps,  you  fhould  not  be  able  tp 
recoiled:  it,  but  this  would  be  only  a  partial  forget* 
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iuinefc ;  for  as  foon  as  I  had  again  drawn  the  figure, 
and  put  you  into  the  train  of  the  demonftration,  yon 
will  prefently  recolledl  it,  and  this  fecond  demonftra^ 
tion  will  ihake  on  yoi*r  mind  quite  a  different-  in*, 
preffion  from  the  firft.  We  fee,  then,  that  the  remi- 
nifcence  qf  ideas  is  not  always  in  our  powef ,  though 
they  may  not  be  wholly  extinguifhed ;  and  a  flight 
circumftance  is  frequently  capable  of  reproducing^ 
them. 

We  mufi,  therefore,  carefully  diftinguifh  between 
fenfible  and  recolle&ed  ideas.  Senfible  ideas  are  re- 
prefented  to  us  by  the  fenfes ;  but  we  ourfelves  form 
recolle&ed  ideas,  on  the  model  of  (he  fenfihle,  as  faj 
as  we  remember  them. 

The  do&rine  of  ideas  is  of  the  laft  importance  for 
the  purpofe  of  a  thorough  difquifition  of  the  real 
fources  of  human  knowledge.  And  firft,  ideas  are 
diftinguifhed  into  ftmple  and  complex.  A  fimple  idea 
is  that  in  which  the  foul  finds  nothing  to  diftinguifh, 
and  remarks  no  parts  different  from  each  other. 
Such  is,  for  example,  the  idea  of  a  fmell,  or  of  a  fpot 
on  a  fubftance  of  one  colour ;  fuch  is,  likewife,  that 
of  a  ftar,  in  which  we  perceive  only  one  luminous 
point.  A  complex  idea  is  a  representation  in  which 
the  foul  is  able  to  diftinguifh  fcveral  different  things. 
When,  for  inftance,  we  look  attentively  at  the  moon, 
we  difcover  feveral  dark  fpots,  furrounded  by  con- 
tours more  luminous ;  we  remark,  alfo,  her  round 
figure,  when  fhe  is  full,  and  her  horned  figure,  when 
waxing  or  waning.    On  viewing  her  through  the 

telefcope, 
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telefcope,  there  are  many  other  particulars  diftin- 
guifhable. 

How  many  different  things  do  we  not  perceive  in 
beholding  a  noble  palace,  or  a  fine  garden  ?   When 
you  do  me  the  honour  to  read  this  letter,  you  wifi 
difcover  in  it  the  different  traits  of  the  chara&ers, 
which  you  can  with  eafe  diftinguifh  from  each  other. 
This,  then,  is  a  complex  idea,  as  it  contains  a  variety 
of  fimple  ideas.   Not  only  this  letter,  taken  in  whole, 
prefents  a  complex  idea,  from  it*s  confifting  of  a  plu- 
rality of  words ;  but  every  word,  too,  is  a  complex 
idea,  being  compofed  of  feveral  characters;    nay, 
every  chara&er  is  one,  from  the  Angularity  of  the 
form  which  diftinguiihes  it  from  others :  but  the 
elements  or  points  which  confiitute  every  character* 
may  be  confidered  as  fimple  ideas,  in  as  much  as  yotfc 
no  longer  perceive  in  them  any  diverfity.     A  greater 
degree  of  attention  will  likewife  difcover  fome  va- 
riety in  thefe  elements,  on  viewing  them  through  a 
microfcope. 

There  is  a  great  difference,  therefore,  even  in  the 
manner  of  contemplating  objefts.  When  we  obferve 
them  only  flightly  and  tranfiently,  we  perceive  very 
Httle  variety;  but,  to  an  attentive  confideration, 
every  particular  detail  ftands  difclofed.  A  favage, 
on  throwing  his  eyes  over  this  letter,  will  take  it  for 
a  piece  of  paper  fcribbled  all  over,  and  will  diftinguifh 
only  the  black  from  the  white,  whereas  an  attentive 
reader  obferves  in  it  the  peculiar  form  of  every  cha- 
racter.    Here,  then,  we  have  a  new  faculty  of  the 

foul, 
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foul,  denominated  attention,  by  which  it  acquires  thd 
iimple  ideas  of  the  different  things  that  meet  in  one 
objeft. 

Attention  requires  addrefs,  the  refult  of  long  and 
frequent  exercife,  to  render  it  capable  of  diftinguifh- 
ing  the  different  parts  of  an  objeft.  A  clown  and 
an  architeft,  pafiing  by  a  palace,  will  both  receivei 
the  impreffion  of  the  rays  which  enter  into  their' 
eyes  $  but  the  architect  will  difcover  a  thoufand  mi- 
nute particulars,  of  which  the  clown  has  no  percep- 
tion.    Attention  alone  produces  this  difference. 

31/?  January,  1761. 


LETTER     XCIX. 

Divifion  of  Ideas  into  clear  and  vbfeure,  diftinfl  and  con~ 

fujed*     Of  Diftraftion. 

T  F  we  conflder,  in  a  flight  manner  only,  a  reprefen* 
-*■  tation  made  to  us  by  the  fenfes,  the  idea  \frhich 
we  acquire  from  it  is  very  imperfeft,  and  We  fay  it 
is  ebfeure :  but  the  more  attention  that  we  employ 
to  diftinguifh  all  it's  parts,  the  more  perfett  or  dijlinft 
our  idea  will  become.  In  order  to  acquire  a  perfeft 
or  diftinft  idea  of  an  object,  it  is  not  then  fufficient 
that  it  fhould  be  reprefented  in  the  brain,  by  impref- 
fions  made  upon  the  fenfes,  the  foul,  too,  muft  apply 
it's  attention,  which  is  properly  an  aft  of  the  foul, 
independent  upon  the  body. 

It  is  farther  neceffary  that  the  reprefentation  in 

3  'the 
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the  brain  fliould  be  well  expreffed,  ana  contain 
different*  parts  and  qualities  which  chata&erifce  the 
tobjed.  This  takes  place  when  the  ohjed  is  prefented 
to  the  fenfes  in  a  fuitable  manner.  When,  for  ex- 
ample, I  fee  a  piece  tof  Writing,  at  the  diftance  of  tett 
feet,  I  am  unable  to  rtad  it,  let  me  employ  whatever 
degree  of  attention  I  may ;  the  diftance  of  the  cha- 
taders  prevents  thfeir  being  accurately  expreffed  on 
the  bottom  of  the  eye,  and  cohfequently  alfo  in  the 
brain :  but  if  the  fame  writing  is  brought  to  a  proper 
diftance,  I  can  read  it,  becaufe  then  all  the  characters 
are  diftin&ly  ref  refented  on  the  bottom  of  the  eye* 

You  know  that  we  employ  certain  inftrumehts  in 
order  to  procurfe  a  more  perfed  reprefetatation  in  the 
Organs  of  fenfe ;  fuch  36  microfcopes  and  tdefcopes  i 
which  are  intended  as  fupplements  to  the  imperfeo 
tion  of  vifion.  But,  in  employing  their  affiftance, 
we  are  incapable  of  attaining  a  diftincl  idea,  without 
attention ;  otherwife  we  acquire  but  an  obfcure  idea, 

4 

nearly  fuch  as  we  fhould  have  had  by  taking  a  glimpfe 
of  the  objeft  only. 

I  have  already  remarked,  that  fenfations  are  by  fco 
means  indifferent  to  the  foul,  but  agreeable  or  dif- 
agreeable:  and  this  agreeablenefs,  or  it's  oppofite, 
excites  our  attention,  unlefs  the  foul  is  pre-occupied 
by  feveral  other  fenfations  which  entirely  engrofs  it ; 
this  iaft  ftate  of  the  foul  is  termed  di/irailion. 

Exercife,  likewife,  greatly  contributes  to  ftrengthen 
attention :  and  there  cannot  be  a  mode  of  exercife 
more  fiiitable  to  children  than  teaching  them  to 
read  j  for  they  are  thereby  laid  under  the  neceffity 

of 
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of  fixing  their  attention  fucceflively  on  every  charac- 
ter, and  of  impreffing  on  their  minds  a  dear  idea  of 
the  figure  of  each.  It  is  eafy  to  fee  that  this  exercife 
muft  be  at  firft  extremely  painful ;  but  fuch  a  habit 
is  fpeedily  acquired,  that  even  a  child,  after  a  little  ap* 
plication, can  read  with  aftonifliing  quicknefs.  In  read* 
ing  a  piece  of  writing,  we  muft  have  a  very  diftind 
idea  of  every  chara&er ;  thus  attention  is  fufceptibli 
of  a  very  high  degree  of  perfe&ion  from  exercife. 

With  what  amazing  rapidity  vdll  a  proficient  in 
mufic  execute  the  moft  difficult  piece,  though  he 
never  (aw  it  before.  It  is  certain  that  his  attention 
muft  have  run  over  all  the  notes,  one  after  another, 
and  that  he  remarked  the  fignification  of  each.  Hid 
attention,  however,  is  not  confined  only  to  thefe 
notes ;  k  prefides,  likewife,  over  the  motion  of  the 
fingers,  not  one  of  which  moves  but  by  an  exprefil 
order  of  the  foul ;  he  remarks,  likewife,  at  the  fame 
time,  how  the  other  performers  execute  their  parts. 
It  is,  upon  the  whole,  altogether  furprifing  to  what 
a  height  the  addrefs  of  the  human  mind  may  be  car* 
ried  by  application  and  exercife.  Shew  the  fame 
piece  of  mufic  to  a  beginner ;  how  much  time  does 
it  require  to  imprefs  on  his  mind  the  fignification  of 
every  note,  and  to  give  him  a  complete  idea  of  it  1 
while  the  matter  acquires  it  by  almoft  a  Angle  glance. 

This  ability  extends*  equally  to  all  other  kinds  of 
objefts,  in  which  one  man  may  infinitely  furpafs 
another.  There  are  perfons  who,  with  one  glance 
fixed  on  a  perfon  pafling  before  them,  ^acquire  a  dif- 
tintt  idea,  not  only  of  all  the  features  of  the  face, 

but 
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but  the  particulars  of  his  whole  drefs,  down  to  the 
minutcft  trifles,  while  others  are  incapable  of  re- 
marking  the  mod  ftriking  cirdimflances. 

We  obferve,  in  this  rdpeA,  an  infinite  difference 
among  men*    Some  promptly  catch  all  the  different 
marks  of  an  objed,  and  form  to  themfclves  a  diftinft 
idea  of  it,  while  that  formed  by  others  is  extremely 
obscure.    This  difference  depends,  not  only  on  mens- 
tal  penetration,  but  likewife  on  the  nature  of  the  ob-~ 
je&s.    A  mufician  catches  at  once  the  whole  'piece 
of  mufic,  and  acquires  a  difHnft  idea  of  it :  but  pre- 
fent  him  with  a  piece  of  writing  in  Chinefe  charac- 
ters, and  he  will  have  only  very  obfcure  ideas  indeed 
of  fuch  writing :  the  Chinefe,  on  the  contrary,  will 
know,  at  firft  fight,  the  real  import  of  each  charac- 
ter, but  will,  in  his  turn,  underftand  nothing  of  mu- 
fical  notes.     The  botanift  obferves  in  a  plant  which 
he  never  faw  before,  a  thoufand  particulars  which 
efcape  the  attention  of  another ;  and  the  architect 
difcerns,  by  a  fingle  glance,  in  a  building,  many 
things  which  another,  with  a  much  greater  degree 
of  attention,  could  not  have  difcoverecL 

It  is  always  ufeful  to  form  diftindt  ideas  of  the  ob- 
jects prefented  to  our  fenfes ;  in  other  words  .to  re- 
mark all  the  parts  of  which  they  are  compofed,  and 
the  marks  whicn  diftinguifh  and  characterize  them; 
From  thefe  obfcrvations  you  will  eafily  comprehend 
the  divifion  of  ideas  into  obfcure  and  clear,  into  con- 
fufed  and  diftinft.  The  more  diftinft  they  are,  the 
more  they  contribute  to  the  advancement  of  know- 
ledge. 

$d  February,  176 1. 
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Of  the  Abjlraftion  of  Notions.     Notions  general  and  in~ 
dividual.     Of  Genus  and  Species. 

THE  fenfes  reprefent  objefts  only  which  exift  ex- 
ternally ;  and  fenfible  ideas  all  refer  to  them j 
but  of  thefe  fenfible  ideas  the  foul  forms  to  itfelf  a 
variety  of  other  ideas,  which  are  indeed  derived  from 
thefe,  but  which  no  longer  reprefent  obje&s  really 
exifting. 

When,  for  example,  I  look  at  the  full  moon,  and 
fix  my  attention  only  on  it's  contour,  I  form  the 
idea  of  roundnefs ;  but  I  cannot  affirm,  that  round- 
nefs  exifts  of  itfelf.  The  moon  is  round,  but  the 
round  figure  does  not  exift  feparately  out  of  the 

■ 

moon.  It  is  the  fame  with  refpeft  to  all  other 
figures ;  and  when  I  fee  a  triangular,  or  fquare  table, 
I  may  have  the  idea  of  a  triangle,  or  of  a  fquare, 
though  fuch  a  figure  exifts  no  where  of  itfelf,  or  fe- 
parately from  an  objeft  poffeffing  that  figure. 

The  ideas  of  numbers  have  the  fame  origin.  Hav- 
ing feen  two  or  three  perfons,  the  foul  forms  the  idea 
of  two  or  three,  without  attaching  it  any  longer  to 
the  perfons.  Having  already  acquired  the  idea  of 
three,  the  foul  is  able  to  proceed,  and  to  form  the 
ideas  of  greater  numbers,  of  four,  five,  ten,  a  hun- 
dred, a  thoufand,  and  fo  on,  without  ever  having 
precifely  feen  fo  many  things  together.     A  fingle  in- 

ftance,  therefore,  in  which  we  have  feen  two  or  three 

1 
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objects,  may  carry  the  foul  forward  to  the  formation 
of  the  idexs  of  other  numbers,  be  they  ever  £b  great. 

The  fame  thing  holds  as  to  figures ;  and  you  have 
the  power  of  forming  to  yourfelf  the  idea  of  a  poly- 
gon, with  1761  fides,  for  example,  though  you  never 
have  fecn  an  object  of  that  form,  and  though  no  one 
fuch,  perhaps,  ever  cxifted. 

Here  the  foul  exerts  a  new  faculty,  which  is  called 
the  power  of  abftraflion  ;  this  takes  place  when  the 
foul  fixes  it's  attention  on  only  one  quantity  or  qua- 
lity of  the  objeA,  and  confiders  it  feparately,  as  if  it 
were  no  longer  attached  to  the  objeft.  When,  for 
inftance,  I  put  my  hand  on  a  heated  ftone,  and  con- 
fine my  attention  to  the  heat  only,  I  form  from  it 
the  idea  of  heat,  which  is  no  longer  attached  to  the 
ftone.  This  idea  of  heat  is  formed  by  abftra&on,  as 
it  is  feparated  from  the  ftone,  and  the  foul  might 
have  derived  the  fame  idea  from  touching  a  piece  of 
wood  heated,  or  by  plunging  the  hand  into  hot 
water. 

Thus,  by  means  of  abftraction,  the  foul  forms  a 
thoufand  other  ideas  of  the  quantities  and  properties 
of  obje&s,  by  feparating  them  afterwards  from  the 
objects  themfelves :  as,  when  I  fee  a  red  coat,  and  fix 
my  attention  only  on  the  colour,  I  form  the  idea  of 
red,  feparate  from  the  coat,  and  it  is  obvious  that  a 
red  flower,  or  any  other  fubftance  of  that  colour, 
would  have  enabled  me  to  form  the  fame  idea. 

Thefc  ideas,  acquired  by  abftraction,  are  denomi- 
nated notions,  to  diitinguifh  them  from  ienfible  ideas, 
which  reprefent  to  us  objects  really  exifting. 

.     It 
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It  is  alleged  that  the  power  of  abftra&ion  is  a  pre- 
rogative of  men,  and  of  other  rational  beings,  and 
that  the  beafts  are  entirely  deftitute  of  it,  A  beaft 
may  experience  the  fame  fenfation  of  hot  water  that 
we  do,  but  is  unable  to  feparate  the  idea  of  heat  and 
that  of  the  water  itfelf :  it  knows  heat  only  in  fo  far 
as  it  is  connected  with  the  water,  but  has  not  the  ab- 
ftraft  idea  of  heat  which  we  have.  It  is  faid,  that 
thefe  notions  are  general  ideas,  which  extend  to  fe- 
veral  things  at  once,  as  we  may  find  heat  in  ftone, 
wood,  water,  or  any  other  body;  but  our  idea  of 
heat  is  not  attached  to  any  one  body ;  for  if  my  idea 
of  heat  were  attached  to  a  certain  ftone,  which  firft 
fupplied  me  with  that  idea,  I  could  not  affirm  that 
wood  or  other  bodies  were  hot.  Hence  it  is  evident, 
that  thefe  notions,  or  general  ideas,  are  not  attached 
to  certain  obje&s,  as  fenfible  ideas  are ;  and  as  they 
diftinguifti  man  from  the  brute  creation,  they  pro- 
perly exalt  him  to  a  degree  of  rationality  wholly  un- 
attainable by  the  beafts. 

There  is  ftill  farther  a  fpecies  of  notions,  likewife, 
formed  by  abftra&ion,  which  fupply  the  foul  with 
the  moft  important  fubjefts  on  which  to  employ  it's 
powers :  thefe  are  the  ideas  of  genus  and  fpecies. 
When  I  fee  a  pear-tree,  a  cherry-tree,  an  apple-tree, 
an  oak,  a  fir,  &c.  all  thefe  ideas  are  different ;  I,  ne- 
verthelefs,  Remark  in  them  feveral  things  which  they 
have  in  common ;  as  the  trunk,  the  branches,  and 
the  roots ;  I  ftop  fhort  only  at  thofe  things  which 
the  different  ideas  have  in  common^  and  the  obje&, 
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in  which  all  fuch  qualities  meet,  I  call  a  tree.  Thus 
the  idea  of  tree,  which  I  have  formed  in  this  man- 
ner, is  a  general  notion^  and  comprehends  the  fenfiblc 
ideas  of  the  pear-tree,  the  apple-tree,  and,  in  general, 
of  every  tree  that  exifts. 

Now,  the  tree  which  correfponds  to  my  idea  of 
tree,  no  where  exifts ;  it  is  not  the  pear-tree,  for 
then  the  apple  would  not  be  comprehended  under 
it ;  for  the  iamc  reafon,  it  is  not  the  cherry-tree,  nor 
the  plumb,  nor  the  oak,  &c. ;  in  a  word,  it  exifts 
only  in  my  foul ;  it  is  only  an  idea,  but  which  is  re- 
alized in  an  infinite  number  of  objefts.    In  like  man- 
ner, when  I  fpeak  of  a  cherry-tree^  it  too  is  a  general 
notion,  which  comprehends  all  the  cherry-trees  that 
exift :  this  notion  is  not  reftri&ed  to  a  particular 
cherry-tree  in  my  garden:   for  then  every  other 
cherry-tree  would  be  excluded. 

With  refpeft  to  general  notions,  every  exifting 
objeft,  comprehended  under  one,  is  denominated 
an  individual^  and  the  general  idea,  fay  that  of  the 
cherry-tree,  is  denominated  fpecies  or  genus .  Thefe 
two  words  fignify  nearly  the  fame  thing,  but  genus 
is  the  more  comprehenfive,  including  in  it  a  variety 
of  fpecies.  Thus  the  notion  of  a  tree  may  be  confi- 
dered  as  a  genus,  as  it  includes  the  notions  of  pear- 
trees,  apple-trees,  oaks,  firs,  and  fo  on,  which  are 
fpecies  ;  and  of  fo  many  others,  each  of  which  con- 
tains a  great  number  of  exifting  individuals. 

This,  manner  of  forming  general  ideas  is,  therefore, 
likewife,  performed  by  abftra&ion,  and  it  is  here, 

chiefly, 
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chiefly,  that  the  foul  exerts  the  a&ivity  and  performs 
the  operations  from  which  all  our  knowledge  is  de- 
rived. Without  thefe  general  notions,  we  fhould 
differ  nothing  from  the  brutes. 

Jtb  February,  1 76 1. 
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Of  Language ;  it's  Nature,  Advantages,  and  NeceJJity, 
in  order  to  the  Communication  of  Thought,  and  the 
Cultivation  of  Knowledge. 

TT7HATEVER  aptitude  a  man  may  have  to  ex- 
*  *  ercife  the  power  of  abftra&ion,  and  to  fur- 
nifh  himfelf  with  general  ideas,  he  can  make  no  con- 
fiderable  progrefs  without  the  aid  of  language,  fpoken 
or  written.  Both  the  one  and  the  other  contains  a 
variety  of  words,  which  are  only  certain  figns,  cor- 
refponding  to  our  ideas,  and  whofe  fignification  is 
fettled  by  cuftom,  or  the  tacit  confent  of  feveral  men 
who  live  together. 

It  would  appear,  from  this,  that  the  only  purpofe 
of  language  to  mankind  is  mutually  to  communicate 
their  fentiments,  and  that  a  folitary  man  might  do 
very  well  without  it ;  but  a  little  reflection  only  is 
neceffary  to  be  convinced,  that  men  ftand  in  need  of 
language,  as  much  to  purfue  and  cultivate  their  own 
thoughts,  as  to  keep  up  a  communication  with  others. 

To  prove  this,  I  remark,  firft,  that  we  have  fcarcely 

C  c  3  a  word 
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&  word  in  any  language  whofe  fignification  is  attach- 
ed to  one  individual  objed.  If  each  cherry-tree  in 
a  whole  country  had  it's  proper  name,  as  well  as 
every  pear-tree,  and,  in  general,  every  individual 
tree ;  what  an  enormous  complication,  in  language, 
would  refult  from  it  ?  Were  I  under  the  necef&ty  of 
employing  a  particular  term  to  denote  every  fheet 
of  paper  in  my  bureau,  or  if  I  fliould,  from  caprice, 
think  fit  to  give  each  a  particular  name,  this  would 
be  as  ufeleis  to  myfelf  as  to  others. 

It  is,  then,  a  very  imperfeft  defcription  of  language 
to  fay,  that  men  have,  from  the  firft,  impofed  on  all 
individual  objects,  certain  names  to  ferve  them  for 
iigns.  The  words  of  a  language  exprefs  general  no- 
tions, and  you  will  rarely  find  one  which  marks  only 
a  fingle  individual.  The  name,  Alexander  the  Great, 
is  applicable  to  one  particular  perfon  ;  but  then  it  is  a 
compound  name*  There  may  have  been  many  thou- 
fends  of  Alexanders,  and  the  epithet  great,  extends 
to  an  infinite  number  of  things.  It  is  thus,  that  *li 
men  bear  names,  to  diftinguifli  them  from  others, 
though  thefe ,  names  may  be  frequently  common  to 
many. 

The  effence  of  a  language  confifts,  rather,  in  it's 
containing  words  to  denote  general  notions ;  as  that 
of  tree  correfponds  to  a  prodigious  number  of  indi* 
vidual  beings.  Thefe  words  ferve  not  only  to  con-. 
vey  to  others,  who  underftand  the  fame  language, 
the  fame  ideji  which  I  affi*  to  the  words ;  but  they 
are,  likewife,  a  great  affiftance  to  me,  in  reprefenting 
this  idea  to  myfelf,    Without  the  word  tree,  which 

reprefents 
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reprdfehts  to  me  the  general  notion  of  a  tree,  I  muft 
imagine  to  myfelf  at  once  a  cherry-tree,  a  pear-tree, 
an  apple-tree,  a  fir,  &c.  and  thence  extract  what  they 
have  in  common.  This  would  neccfTarily  opprefs 
the  mind,  andfpeedily  involve  it  in  the  greateft  per- 
plexity. But  having,  once  for  all,  determined  to 
exprefs,  by  the  term  tree,  the  general  notion  formed 
by  abftra&ion,  this  term  always  excites  in  my  foul 
the  fame  notion,  without  my  having  occafion  to  re* 
colled  it's  origin ;  and,  accordingly,  the  word  tree 
alone,  for  the  moll  part,  conftitutes  the  object  of  the 
foul,  without  the  reprefentation  of  any  real  tree. 

The  word  man  is,  in  like  manner,  a  fign  to  denote 
the  general  notion  of  what  all  men  have  in  com* 
mon,  and  it  would  be  very  difficult  to  tell  or  to 
make  the  enumeration  of  all  that  this  notion  con* 
tains.  Would  you  fay  that  he  is  a  living  two-legged 
being  ?  A  cock  would  likewife  be  included  in  this 
defcription.  Would  you  fay,  in  the  words  of  Plato's 
definition,  that  he  is  a  two-legged  animal  without 
feathers  ?  You  have  only  to  ftrip  the  cock  of  his  fea- 
thers, in  order  to  obtain  the  Platonic  man, 

I  do  not  know  whether  thofe  who  fay  that  man  is 
an  animal  endowed  with  reafon,  exprefs  themfelves 
more  accurately :  for  how  often  do  we  take  for  men 
certain  beings  of  whofe  rationality  we  have  no  affur- 
ance.  On  viewing  an  army,  I  have  not  the  leaft 
doubt  that  every  foldier  is  a  man,  though  I  have  not 
the  fmalleft  proof  that  they  are  all  endowed  with 
reafon.  If  I  were  to  make  an  enumeration  of  all  the 
members  neceflary  to  conftitute  a  man,  fopie  men 

C  c  4  woul4 
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would  always  be  found  defe&ive  in  one,  perhaps  in 
feveral  of  thefe,  or  we  might  find  fome  beaft  who 
had  them  all.  On  inveftigating,  therefore,  the  origin 
of  the  general  notion  of  man,  it  is  almoft  impoffible 
to  fay  wherein  it  confifts. 

No  one,  however,  has  any  doubt  refpe&ing-  the 
fignification  of  the  word ;  becaufe  every  one,  wifh- 
ing  to  excite  this  notion  in  his  foul,  has  only  to 
think  on  the  word  man,  as  if  he  faw  it  written  on 
paper,  or  heard  it  pronounced,. according  as  the  re- 
fpe&ive  language  of  any  one  may  be. 

Hence  we.fee  that,  for  the  mod  part,  the  obje&s 
of  our  thoughts  are  noc  lo  much  the  things  them- 
felves,  as  the  words  by  which  thefe  things  are  de- 
noted in  language ;  which  greatly  facilitates  the  ex- 
ercife  of  thought.  What  idea,  in  faft,  do  we  affo- 
ciate  with  the  terms  virtue,  liberty,  goodnefs,  &c.  ?  Not 
furely  a  fenfible  image ;  but  the  foul  having  once 
formed  the  abftraft  notions  which  correspond  to 
thefe  terms,  afterwards  fubftitutes  them,  in  it's 
thoughts,  in  place  of  the  things  which  they  denote. 

You  may  eafily  conceive  how  many  abftradions  it 
was  neceffary  to  make,  in  order  to  arrive  at  the  no- 
tion of  virtue.  The  aftions  of  men  were  firft  to  be 
confidered ;  they  were,  then,  to  be  compared  with 
the  duties  impofed  on  them ;  in  confequence  of  this, 
we  give  the  name  of  virtue  to  the  difpofition  which 
a  man  has  to  regulate  his  aftions  conformably  to  his 
duties.  But,  on  hearing  the  word  virtue  rapidly 
pronounced  in  converfation,  do  we  always  conneft 
with  it  this  complex  notion  ?  And  what  idea  is  ex- 
cited 
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cited  in  the  mind,  on  hearing  the  particle  and  or  alfo 
pronounced  ?  It  is  readily  feen,  that  thefe  words  im- 
port a  fpecies  of  connection,  but  take  what  pains  you 
pleafe  to  defcribe  this  connexion,  you  will  find  your- 
felf  under  the  neceffity  of  employing  other  words, 
whofe  fignification  it  would  be  equally  difficult  to 
explain ;  and  if  I  were  to  attempt  an  explanation  of 
the  import  of  the  particle  and,  I  muft  make  frequent 
ufe  of  that  very  particle. 

You  are  now  enabled  to  judge  of  what  advantage 
language  is  to  direft  our  thoughts ;  and  that,  with- 
out language,  we  fliould  hardly  be  in  a  condition  to 
think  at  all. 

IVtb  February »,  1 760. 
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LETTER  CH. 

I 

Of  the  Perfections  of  a  Language,     jfudgments  and  Na» 
ture  of  Proportions,  affirmative  and  negative ;  uni* 

verfaly  or  particular. 

* 

T  HAVE  been  endeavouring  to  fhew  you,  how  ne- 
-*■  ceffary  language  is  to  man,  not  only  for  the  mu- 
tual communication  of  fentiment  and  thought,  but, 
likewife,  for  the  improvement  of  the  mind,  and  the 
extenfion  of  knowledge. 

Thefe  figns,  or  words,  reprefent,  then,  general  no- 
tions, each  of  which  is  applicable  to  an  infinite  num- 
ber of  objefts :  as,  for  inftance,  the  idea  of  hot,  and 
of  heat,  to  every  individual  obje&  which  is  hot ;  and 

the 
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the  idea,  or  general  notion  of  1rie>  is  applicable  to 
*very  individual  tree  in  a  garden,  or  a  foreft,  who* 
ther  cherries,  pears,  oaks,  or  firs,  &c. 

Hence  you  muft  be  feniible  how- one  language  may 
be  more  perfect  than  another.  A  language  always 
is  fo,  in  proportion  as  it  is  in  a  condition  to  exprefe 
a  greater  number  of  general  notions,  formed  by  ab* 
{fraction.  It  is  with  refpe&  to  thefe  notions  that  we 
nauft  eftimate  the  perfection  of  a  language. 

Formerly  there  was  no  word  in  the  Ruffian  Ian- 
guage  to  exprefs  what  we  &31  juftice.  This  was  cer-* 
tainly  a  very  great  defect ;  as  the  idea  of  juftice  is  of 
very  great  importance  in  a  great  number  of  our 
judgments  and  reafonings,  and  as  it  is  fcarcdy  pot 
fible  to  think  of  the  thing  itfelf  without  a  term  ex* 
preffive  of  it.  They  have,  accordingly,  fupplied  this 
defect,  by  introducing  into  that  language  a  word 
which  conveys  the  notion  of  juftice. 

Thefe  general  notions,  formed  by  abstraction,  are 
the  fource  of  all  our  judgments  and  of  all  our  rea- 
fonings. A  judgment  is  nothing  elfe  but  the  affirma- 
tion, or  negation,  that  a  notion  is  applicable,  or  in- 
applicable ;  and  when  fuch  judgment  is  exprefled  in 
words,  we  call  it  a  proportion.  To  give  an  example : 
All  men  are  mortal,  is  a  proposition  which  contains 
two  notions  ;  the  firft,  that  of  men  in  general ;  and 
the  fecond,  that  of  mortality,  which  comprehends 
whatever  is  mortal.  The  judgment  confifts  in  pro- 
nouDcing  arid  affirming,  that  the  notion  of  mortality  is 
applicable  to  all  men.     This  is  a  judgment,  and,  being 

exprefied  in  words,  it  is  a  proportion ;  and?  becaufe 

• 


Or  A  LANGUAGE.  395 

it  affirms,  we  call  it  an  an  affirmative  propofition.  ,  If 
it  denied,  we* would  call  it  negative,  fuch  as  this,  no 
man  is  righteous.  Thefe  two  propofitions,  which  I  have 
introduced  as  examples,  are  univerfal,  becaufe  the 
one  affirms  of  all  men,  that  they  are  mortal,  and  the 
other  denies  that  they  are  righteous. 

There  are  likewife  particular  propofitions,  both  nega* 
tive  and  affirmative ;  2^,  fome  men  are  learned,  and  fome 
men  are  not  wife.  What  is  here  affirmed,  and  denied, 
is  not  applicable  to  all  men,  but  to  fome  of  them. 

Hence  we  derive  four  fpecies  of  propofitions.  The 
firft  is  that  of  affirmative  and  univerfal  propofitions,  the 
form  of  which  in  general  is : 

Every  A  is  B. 
The  fecond  fpecies  contains  negative  and  univerfal 
propofitions,  the  form  of  which  in  general  is : 

-  No  A  is  B. 
The  third  is,  that  of  affirmative  proportions,  but 
particular,  contained  in  this  form ; 

Some  A  is  B. 
And,  finally,  the  fourth  is  that  of  negative  and  par* 
ticular  propofitions,  of  which  the  form  is : 

Some  A  is  pot  B, 
AH  thefe  propofitions  contain,  eflentially,  two  no* 
tions,  A  and  B,  which  are  called  the  terms  of  the  pro* 
pofition:  the  firft  of  which  affirms  or  denies  fome 
thing;  and  this  we  call  the  fubje ft;  and  tke  fecond, 
which  we  fay  is  applicable,  6r  inapplicable,  to  the 
ftrft,  is  the  attribute.  Thvis,  in  the  propofition,  All 
men  are  mortal,  the  word  man,  or  men,  is  the  fubjeft, 
and  the  word  wrtal  the  attribute ;  thefe  words  are 


396  PERFECTIONS  OF  A  LANGUAGE, 

much  ufed  in  logic,  which  teaches  the  rules  of  juft 
reafoning. 

Thefe  four  fpecies  of  propofitions  may  likewife  be 
reprefented  by  figures,  fo  as  to  exhibit  tiieir  nature 
to  the  eye.  This  muft  be  a  great  affiftance  toward 
comprehending  more  diftin Aly  wherein  the  accuracy 
of  a  chain  of  reafoning  conftfts. 

As  a  general  notion  contains  an  infinite  number 
of  individual  obje&s,  we  may  confider  it  as  a  fpace 
in  which  they  are  all  contained.  Thus  for  the  no- 
tion of  man  we  form  a  fpace  (plate  \.Jig*  1.)  in  which 
we  conceive  all  men  to  be  comprehended.  For  the 
notion  of  mortal,  we  form  another,  (Jig.  2.)  in  'which 
we  conceive  every  thing  mortal  to  be  comprehended. 
And  when  I  affirm,  all  men  are  mortal,  it  is  the  fame 
thing  with  affirming,  that  the  firft  figure  is  contain- 
ed  in  the  fecond. 

I.  Hence  it  follows,  that  the  reprefentation  of  an 
affirmative  univerfal  propofition  is  that  in  which  the 
fpace  A,  (Jig.  3.)  which  reprefents  the  Jubjeft  of  the 
propofition,  is  wholly  contained  in  the  fpace  B,  which 
is  the  attribute. 

II.  As  to  negative  univerfal  propofitions,  the  two 
fpaces  A  and  B,  of  which  A  always  denotes  thejub- 
jefl,  and  B  the  attribute,  will  be  reprefented  thus, 
(Jig,  4.)  the  one  feparated  from  the  other ;  becaufe 
we  fay,  no  A  is  B,  or  that  nothing  comprehended  in 
the  notion  A,  is  in  the  notion  B. 

III.  In  affirmative  particular  propofitions,  as,  fome 
A  is  B,  a  part  of  the  fpace  A  will  be  comprehended 
in  the  fpace  B :  (Jig.  5.)  as  we  fee  here,  that  fome- 

thing 
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thing  comprehended  in  the  notion  A,  is  likewife 
in  B. 

IV.  For  negative  particular  proportions,  as,  feme 
A  is  not  B;  a  part  of  the  fpace  A  muft  be  out  of  the 
fpace  B,  (Jig.  6.)  This  figure  refembles  the  preced- 
ing; but  we  here  remark,  principally,  that  there  is 
fomething  in  the  notion  A,  which  is  not  compre* 
hended  in  the  notion  B,  or  which  is  out  of  it. 

1  $tb  February,  1 7  6 1 . 
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Of  Syllogifms,  and  their  different  Forms  y  when  the  Jirji 

Propojition  is  univerfal. 

HT^HESE  circles,  or  rather  thefe  fpaces,  for  it  is  of 
-*•    no  importance  of  what  figure  they  are  of,  are 
extremely  commodious  for  facilitating  our  reflections 
on  this  fubjeft,  and  for  unfolding  all  the  boafted 
1  myfteries  of  logic,  which  that  art  finds  it  fo  difficult 
to  explain ;  whereas,  by  means  of  thefe  figns,  the 
whole  is  rendered  fenfible  to  the  eye.    We  may  em- 
ploy, then,  fpaces  formed  at  pleafure  to  reprefent 
every  general  notion,  and  mark  the  fubjeflb  of  a  pro- 
.pofition,  by  a  fpace  containing  A,  and  the  attribute, 
T>y  another  which  contains  B.     The  nature  of  the 
propofition  itfelf  always  imports  either  that  the  fpace 
of  A  is  wholly  contained  in  the  fpace  B,  or  that  it  is 
partly  contained  in  that  fpace ;  or  that  a  part,  at 

leaft, 
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leaft,  is  out  of  the  fpace  B ;  or,  finally,  that  the  fpace 
A  is  wholly  out  of  B.# 

The  two  laft  cafes,  which  reprefent  particular  pro* 
pofitions,  feem  to  contain  a  doubt,  as  it  is  not  de- 
cided, whether  it  be  a  great  part  of  A  which  is  con- 
tained, or  not  contained,  in  B.    It  is  even  poffible, 


•  Mr.  Eulcr,  who  is  ever  minutely  exalt  in  all  his  details,  ful£» 
joins  here  the  following  diagram,  with  this  ihort  introduction: 
"  I  (hall  once  more  give  you  a  vifible  reprefentatibn  of  thefe  figures 
€€  or  emblems  of  the  four  fpecies  of  proportions.*' 

Emblems  of  the  four  Species  of  Propofitians. 


Affirmative  univcr&l. 


/"  B"^ 


t 

■ 


■ 

\ 
V 


A 


i 
i 


% 

% 

% 

% 

t 

t 
i 
* 


Negative  univerfal. 


*»      -* 
*••••* 


Every  A  is  B. 


Affirmative  particular. 


7S 


-••^ 


* 


% 

% 


A 


J  'v 


B 


t 

; 


'*..—•* 


»«»•■•• 


»*" 


No  A  is  B. 


•m 


Negative  particular, 


Some  A  is  B. 
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Some  A  is  not  B. 


The  omiffion  of  this  icheme,  in  the  Paris  edition,  is  the  more  un- 
accountable, that  the  very  next  paragraph  immediately  refers  to  it, 
and  is  lame  and  inconcluiive  without  it.— JJ.  J?. 
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in  the  cafe  of  a  particular  proposition,  that  the  no- 
tion A  may  contain  the  notion  B  entirely,  as  in  plate 
I.  jig.  7 ;  and  that,  at  the  fame  time,  as  is  clear  front 
the  figure,  a  part  of  the  fpace  A  may  be  in  the  fpace 
B,  and  that  a  part  of  A  may  no  tbe  in  B.  Now,  if  A 
were,  for  example,  the  idea  of  tree  in  general,  and  B 
that  of  oaky  which  is  contained  wholly  in  the  firft, 
the  following  propofitions  might  be  formed : 

I.  All  oaks  are  trees. 

II.  Some  trees  are  oaks. 

III.  Some  trees  are  not  oaks* 

In  like  manner,  if  of  two  fpaces  one  is  entirely  out 
of  the  other,  as  in  plate  I.  fig.  4. 1  can  as  well  fay,  no 
A  is  2?,  as  no  B  is  A  ;  as  if  I  were  to  fay:  no  man  is 
a  tree,  and  no  tree  is  a  man. . 
-  In  the  third  cafe,  where  the  two  notions  have  a 
part  in  common,  as  in  plate  I*  Jig*  5.  it  may  be  laid : 

L  Some  A  is  B. 

II.  Some  B  is  A. 

III.  Some  A  is  not  B. 

IV.  Some  B  is  not  A. 

This  may  fuffice  to  {hew  you  how  all  propofitions 
may  be  reprefented  by  figures:  but  their  greateft 
utility  is  manifeft  in  reafonings  which,  when  ex# 
preffed  in  words,  are  Qdiltdfyl/ogifms,  and  of  which 
the  objeft  is  to  draw  a  juft  conclufion  from  certain 
given  propofitions.  This  method  will  difcover  to 
us  the  true  forms  of  all  fyllogifms. 

Let  us  begin  by  an  affirmative  univerfal  propor- 
tion :  Every  A  is  B,  (plate  I*  fig*  3.)  where  the  fpace 
A  is  wholly  in  the  fpace  B,  and  let  us  fee  how  a  third 

notion 
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notion  C,  muft  be  referred  to  each  of  the  other  two 
notions  A  and  B,  in  order  to  draw  a  fair  conclufion* 
It  is  evident  in  the  following  cafes. 

L  If  the  notion  C  is  entirely  contained  in  the 
notion  A,  it  will  be  fo,  likewife,  in  the  notion  B : 
(plate  I* fig*  8.)  hence  refults  this  form  of  fyUogifm : 

Every  A  is  B : 
But  Every  C  is  A : 
Therefore  Every  C  is  B. 
Which  is  the  conclufion. 

Let  the  notion  A,  for  example,  comprehend  all 
trees ;  the  notion  B  every  thing  that  has  roots,  and 
the  notion  C  all  oaks,  and  then  our  fyUogifm  will 
run  thus : 

Every  tree  has  roots : 
But  Every  oak  is  a  tree : 
Therefore  Every  oak  has  roots. 
II.  If  the  notion  C  has  a  part  contained  in  A,  that 
part  will  likewife  be  fo  in  B,  becaufe  the  notion  A 
is  wholly  included  in  the  notion  B,  (plate  I.  fig .  9 
and  io.) 
Hence  refults  the  fecond  form  of  fyUogifm : 

Every  A  is  B : 
But  Some  C  is  A : 
Therefore  Some  C  is  B. 
If  the  notion  C  were  entirely  out  of  the  notion  A, 
nothing  would  follow  with  refpe&  to  the  notion  B  : 
it  might  happen  that  notion  C  fhould  be  entirely  out 
of  B,  (fig.  11.)  or  wholly  in  B,  (fig.  12.)  or  partly 
only  in  B,  (fig.  1 3.)  fo  that  no  conclufion  could  be 
drawn. 

III.  But 
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HI.  But  if  notion  C  were  wholly  out  of  notion  B5 
it  would  likewife  be  wholly  out  of  notion  A,  as  we 
fee  in  Jig.  i i.    Hence  refults  this  form' of  fyllogifin : 

Every  A  is  B ; 
But  No  C  is  B,  or  no  B  is  C ; 
Therefore  No  C  is  A. 

IV.  If  the  notion  C  has  a  part  out  of  the  uotion 
B,  that  fame  part  will  certainly  likewife  be  out  of  the 
notion  A,  becaufe  this  laft  is  wholly  in  the  notion  B, 
(fig,  14.)    Hence  this  form  of  fyllogifin : 

Every  A  is  B : 
But  Some  C  is  not  B : 
Therefore  Some  C  is  not  A. 

V.  If  the  notion  C  contains  the  whole  of  notion 
B,  part  of  notion  C  will  certainly  fall  into  notion  A: 
(fiz*  l  5-)    Hence  this  form  of  fyllogifin. 

Every  A  is  B : 
But  Every  B  is  C :  ' 
Therefore  Some  C  is  A. 
No  other  form  is  poffible,  while  the  firft  propofi- 
tion  is  affirmative  and  univerfal. 

Let  us  now  fuppofe  the  firft  propofition  to  be  ne- 
gative and  univerfal ;  namely, 

No  A  is  B. 
It  is  reprefented  in  fig*  4.  where  the  notion  A  is 
entirely  out  of  notion  B }  and  the  following  cafes 
will  furnifh  conclufions. 

I..  If  notion  C  is  entirely  in  notion  B,  it  mull  like- 
wife  be  entirely  out  of  notion  A,  (fig.  16.)    Hence 
this  form  of  fyllogifin : 
Vol.  I.  Dd     .  No 
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No  A  is  B: 
But  Every  C  is  B : 
.  Therefore  No  C  is  A. 

II.  If  notion  C  is  entirely  comprehended  in  notion 
A,  it  muft  alfo  be  entirely  excluded  from  notion  B, 
(Jig.  1 7.)    Hence  a  fyllogifin  of  this  form : 

No  A  is  B: 
But  Every  C  is  A : 
Therefore  No  C  is  B. 

III.  If  notion  C  has  a  part  contained  in  notion  Af 
that  part  muft  certainly  be  out  of  notion  B ;  as  in 

Jig.  18.  or  in  Jig.  19.  and  20.    Hence  afyllogifm  of 
this  form : 

No  A  is  B: 

« 

But  Some  C  is  A,  or  fome  A  is  C : 

Therefore  Some  C  is  not  B. 

» 

IV.  In  like  manner,  if  notion  C  has  a  part  con- 
tained in  B,  that  part  will  certainly  be  out  of  A :  as 
in  Jig.  a  1.  as  alfo^g.  22.  and  23.  Hence  the  follow- 
ing fyllogifin : 

No  A  is  B : 
But  Some  C  is  B,  or  fome  B  is  C : 
Therefore  Some  C  is  not  A. 
As  to  the  other  forms,  in  which  the  firft  propofition 
is  particular,  affirmative,  or  negative ;  I  fliall  fhew, 
in  another  letter,  how  they  may  be  reprefented  by 
figures. 

17 tb  February,  r;6l. 
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LETTER  CIV. 

Different  Forms  of  Syllogifmsy  wbofe  firji  Propofition  is  . ,, 

particular. 

IN  the  preceding  letter  I  have  prefented  you  with 
the  different  forms  of  fyllogifms,  or  fimple  rea. 
fonings,  which  derive  their  origin  from  the  firft  prO- 
pofition,  when  it  is  univerfal,.  affirmative,  or  nega- 
tive. It  ftill  remains  that  I  lay  before  you  thofe  fyl- 
logifins, whofe  firft  propofition  is  particular,  affir- 
mative, or  negative,  in  order  to  have  all  poffible 
forms  of  fyllogifm  that  lead  to  a  fair  conclufion. 

Let,  then,  the  firft  propofition, 'affirmative,  and 
particular,  be  expreffed  in  this  general  form. 

Some  A  is  B.     (Plate  I.  fig.  5.) 
in  which  a  part  of  the  notion  A  is  contained  in  the 
notion  B. 

Let  us  introduce  a  third  notion  C,  which,  being 
referred  to  notion  A,  will  either  be  contained  in  no- 
tion A,  as  in^fg-.  24,  25,  and  26  j.  or  will  have  a  part 
in  the  notion  A,  as  in  fig.  27,  28,  and  29 ;  or  will 
be  entirely  out  of  notion  A,  as  in  fig.  1,  2,  and  3,  of 
plate  II.  No  conclufion  can  be  drawn  in  any  of  thefe 
cafes ;  as  it  might  be  poffible'  for  notion  C  to  be  en- 

* 

tirely  within  notion  B,  or  in  part,  or  not  at  all. 

But  if  notion  C  contains,  in  itfelf,  notion  A,  it  is 
certain,  that  it  will  likewife  contain  a  part  of  notioii 
B :  as  in  fig!  4  and  5,  of  plate  II.  Hence  refults  this 
ibrm  of  fyllogifm : 

D  d  2  Some 
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Some  A  is  B :        But  Every  A  is  C : 
Therefore  Some  C  is  B. 
It  is  the  fame  when  we  compare  notion  C  with  no- 
,\  tjon  B  rwe  can  draw  no  conclufion  unlefs  notion  C 
=  rcotjtains  notion  Bpfitirdy^  (fee^f.  6  and  7.),  for  in 
"that  cafe|%  notion  A  has: jrparf  contained  in  notion 
B,  the  fame  part  will  then  certairi/lbe  contained 
likewife,  in  C  •  hence  we  obtain  this  form  of  fyttb- 
Tgifm  *?         *        Some-  A  is  B :         v     }  - 

^But  Every Bis  C: 
Therefore  Some  C  is:A,* 

■         ■  ■  ■ 

jLet  us  finally  fuppofe,  that  the  firft  propofitibn  is 
negative  and  particular,  namely,  "~" 

Some  A  is  not  B. 
It  ia  r$prefehtedin  plate  H.  jig.  8.  in  which  part  of 
notipn  A  is  out  of  notion  B. 

In  this  cafe,  if  the  third  notion  G  contains  notion 
1  A  entirely,  it  will  certainly  alfo  have  a  part  out  of 

notion  B,  as  in  jig.  9  aind  1  o :  which  gives  this  fyl- 
logifm :  Some  A  is  not  B : 

But  Every  A  is  C : 
Therefore  §ome  C  is  not  B. 
Again,  if  notion  C  is  wholly  included  in  notion 
B,  as  A  has  a  part  out  of  B,  that  fame  part  will  like- 
wife  certainly  be  out  of  C,  (tee  jig.  1 1  and  1 2.)  Hence 
this  form  of  fyllogifm : 

Some  A  is  not  B : 
But  Every  C  is  B : 
■   -         Therefore  Some  A  is  not  C. 

It  may  be  of  ufe  to  collect  all  thefe  forms  of  fyllo- 
gifm into  one  table,  in  order  to  confider  them  at  a 
fingle  glance. 
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I.  Every  A  is  B : 
But  Every  C  is  A  : 

Therefore  Every  C  is  B. 

II.  Every  A  is  B  : 
But  Some  C  is  A : 

Therefore  Some  C  is  B. 


III.  Every  A  is  B : 

But  No  C  is  B  : 
Therefore  No  C  is  A.    * 


IV,  Every  A  is  B : 

But  No  B  is  C : 
Therefore  No  C  is  A. 


V.  Every  A  is  B : 

But  Some  C  is  not  B : 
Therefore  Some  C  is  not  A. 


VI.  Every  A  is  B : 
But  Every  B  is  C  : 

Therefore  Some  C  is  A. 

VII.  No  A  is  B: 
But  Every  C  is  A  : 

Therefore  No  C  is  B. 


VIII.  No  A  is  B: 

But  Every  C  is  B  : 
Therefore  No  C  is  A. 


IX.  No  A  is  B : 

But  Some  C  is  A : 
Therefore  Some  C  is  not  B. 


X.  No  A  is  B : 

But  Some  A  is  C: 
Therefore  Some  C  is  not  B. 


•r" 


XL  No  A  is  B: 

But  Some  C  is  B : 
Therefore  Some  C  is  not  A. 


XII.  No  A  is  B : 
But  Some  B  is  C  : 

Therefore  Some  C  is  not  A. 

XIII.  Some  A  is  B : 
But  Every  A  is  C : 

Therefore  Some  C  is  B. 


XIV.  Some  A  is  B  : 
But  Every  B  is  C  : 

Therefore  Some  C  is  A. 

XV.  Some  A  is  not  B: 
But  Every  A  is  C  : 

Therefore  Some  C  is  not  B. 


XVI.  Some  A  is  not  B: 

But  Every  C  is  B : 
Therefore  Some  A  is  not  C, 


XVII. 


Every  A  is  B : 
But  Some  A  is  C : 
Therefore  Some  C  is  B. 


XVIII.  No  A  is  B: 

But  Every  A  is  C  : 
Therefore  Some  C  is  notB. 


XJX.  No  A  is  B: 

But  Every  B  is  C : 
Therefore  Some  C  is  not  A. 


XX.  Every  A  is  B: 

But  Every  A  is  C ; 
Therefore  Some  C  is  B. 
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Of  thefe  twenty  forms,  I  remark,  that  XVI.  is  the 
fame  with  V.  the  latter  changing  into  the  former,  if 
you  write  C  for  A,  and  A  for  C,  and  begin  with  the  • 
fecond  propofition :  there  are,  accordingly,  but  nine- 
teen different  forms.   - 

The  foundation  of  all  thefe  forms  is  reduced  to 
two  principles,  refpe&ing  the  nature  of  containing  and 
contained. 

I.  Whatever  is  in  the  thing  contained,  mujl  likewife  be 
in  the  thing  containing. 

II.  Whatever  is  out  of  the  containing,  mujl  likewife  be 
out  of  the  contained. 

Thus,  in  the  laft  form,  where  the  notion  A  is  con- 
tained entirely  in  notion  B,  it  is  evident,  that  if  A  is 
contained  in  the  notion  C,  or  makes  a  part  of  it, 
that  fame  part  of  notion  C  will  certainly  be  contained 
in  notion  B,  fo  that  fome  C  is  B. 

Every  fyllogifm,  then,  confifts  of  three  proportions, 
the  two  firft  of  which  are  called  the  premifes,  and 
the  third  the  conclufion.  Now,  the  advantage  of  all 
thefe  forms,  to  direct  our  reafonings,  is  this,  that  if 
the  premifes  are  both  true,  the  conclufion,  infallibly, 
is  to. 

This  is,  likewife,  the  only  method  of  difcovering 
unknown  truths.  Every  truth  muft  always  be  the 
conclufion  of  a  fyllogifm,  whofe  premifes  are  indu- 
bitably true.  Permit  me  only  to  add,  that  the  for- 
rher  of  the  premifes  is  called  the  major  propofition* 
and  the  other  the  minor. 

%\Ji  February,  1761. 

LETTER 
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LETTER   CV. 

Analyfis  offome  Syllogifms. 

TF  you  have  paid  attention  to  all  the  forms  of  fyl- 
.**•  logifm,  which  I  have  propofed,  you  muft  fee,  that 
every  fyllogifin  neceflarily  confifts  of  three  propo- 
fitions :  the  two  firft  are  called  premifes,  and  the 
third,  the  conclufion.  Now  the  force  of  the  nineteen 
forms,  laid  down,  confifts  in  this  property  common  ^, 
to  them  all,  that  if  the  two  firft  proportions,  or  the 
premifes,  are  true,  you  may  reft,  confidently  affured 
of  the  truth  of  the  conclufion. 

Let  u$  confider,  for  example,  the  following  fyl- 
Jogifm. 

NO  VIRTUOUS  MAN  IS  A  SLANDERER  : 

# 

But    SOME     SLANDERERS     ARE     LEARNED 
MEN  : 

Therefore  some  learned  men  are  not  vir- 
tuous. 
Whenever  you  allow  me  the  two  firft  propofitions, 
you  are  obliged  to  allow  the  third,  which  neceflarily 
follows  from  it. 

This  fyllogifm  belongs  to  form  XII.  The  feme 
thing  holds  with  regard  to  all  the  others,  which  I 
have  laid  down,  and  which  the'  figures,  whereby  I 
have  reprefented  them,  render  fenfiblc.  Here  we 
are  prefented  with  three  notions:  (plate  II. Jig.  13.) 
that  of  virtuous  men,  that  of  flandcrers,  and  that  of 
learned  men. 

Dd4  Let 
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Let  the  fpace  A  reprefent  the  firft,  fpace  B  the  fc* 
cond,  and  fpace  C  the  third.  It  being  faid,  in  the 
firft  propofition,  That  no  virtuous  man  is  a  flanderer ; 
we  maintain,  that  nothing  contained  in  the  notion 
of  the  virtuous  man,  that  is,  in  the  fpace  A,  is  com- 
prehended in  the  notion  of  the  flanderer :  that  is,  f 
fpace  B :  therefore  fpace  A  is  wholly  out  of  fpace  B, 
(its  plate  YL  jig.  14.) 

But  it  is  faid,  in  the  fecond  proportion,  that  fome 
men  comprehended  in  potion  B,  are,  like  wife,  con- 
tained in  that  of  learned,  that  is,  in  fpace  C  V  or  elfe, 
you  piay  fay,  that  part  of  fpace  B  is  within  fpace  C  j 
(plate  II.  Jig.  15.)  where  the  part  of  fpace  J$,  included 
in  C,  is  marked  with  a  *  j  which  will  bfe,  likewife, 
part  of  fpace  C.  Since,  therefore,  fome  part  of  fpace 
C  is  in  B,  and  that  the  whole  fpace  B  is  out  Qf  fpace 
A,  it  is  evident,  that  the  fame  part  of  fpace  C  muft, 
Jikewife,  be  out  qf  fpace  A,  tha{  is,  fome  learned  men 
are  not  virtuous. 

It  miift  be  carefully  remarked,  that  this  conclufion 
refpefts  only  the  part  *  of  notion  C,  which  is  com- 
prehended in  notion  B :  for  as  to  the  reft,  it  is  un- 
certain, whether  it  be  likewife  excluded  from  notion 

A,  as  in  plate  Ti.Jig.  16,  or  wholly  contained  in  it,  as 
in  plate  H.^fg.  1 7,  or  only  in  part,  as  in  plate  H.yfg. .  1 8. 

Now,  this  being  left  uncertain,  the  remainder  of 
fpace  C  falls  not  at  all  under  9onfideration  ;  the  con- 
clufion is  limited  to  that  only  which  is  certain,  that 
is  to  fay,  the  f?me  part  of  fpace  C,  contained  in  fpace    « 

B,  is  certainly  put  of  fpace  A,  for  this  laft  is  wholly 
out  of  fpace  B. 

The 
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Thejuftnefs  of  all  the  other  forms  of  fyllogifin  may 
be  demonftrated  in  like  manner ;  but  all  thofe  which 
deviate  from  the  nineteen  forms  laid  down,  or  which 
are  not  comprehended  under  them,  are  defHtute  of 
foundation,  and  lead  to  error  and  falihood. 

You  will  clearly  difcern  the  fault  of  fuch  a  fyllo* 
gifm,  by  an  example,  not  reducible  to  any  of  the 
nineteen  forms : 

SOME  LEARNED  MEN  ARE  MISERS  : 
But  NO  MISER  IS  VIRTUOUS  I 

Therefore  some  virtuous  men  are  not  learned. 

This  third  propofition,  may,  perhaps,  be  true ;  but 
it  does  not  follow  from  the  premifes.  They  too  (the 
premifes)  may  very  well  be  true,  and,  in  the  prefent 
inftance,  they  actually  are  fo,  but  the  third  is  not,  for 
that,  a  fair  conclufion  :  becaufe  it  is  contrary  to  the 
nature  of  juft  fyllogifm,  in  which  the  conclufion  al- 
ways muft  be  true,  when  the  premifes  are  fo.  Ac- 
cordingly, the  fault  of  the  form,  above  propofed,  is 
immediately  difcovered,  by  cafting  your  eyes  on 
fig.  1 3.  of  plate  II.  Let  fpace  A  contain  all  the  learned ; 
fpace  B  all  the  avaricious ;  and  fpace  C  all  the  vir- 
tuous. Now,  the  firft  propofition  is  reprefented  bf 
fig.  1 9.  in  which  part  *  of  fpace  A,  (the  legrned)  is 
contained  in  fpace  B,  (the  avaricious). 

Again,  in  the  fecond  propofition,  the  whole  fpace 
C,  (the  virtuous)  is  out  of  fpace  B,  (the  avaricious) ; 
but  it  by  no  means  follows,  (fig.  20.^  that  part  of 
fpace  C  muft  be  out  of  fpace  A. 

It  is  even  poffible  for  fpace  C,  to  be  entirely  within 

fpace 
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(pace  A,  as  in  fig.  2 1 ,  or  entirely  out  of  it,  as  in^.  2  2. 
and,  at  the  fame  time,  entirely  out  of  fpace  B. 

A  fyHogifm  of  this  form,  accordingly,  is  totally 
falfe  and  abfurd. 

* 

Another  example  will  put  the  matter  beyond  a 
doubt: 

SOME  TREES  ARE  OAKS  t 
But  NO  OAK  IS  A  FIR  : 

Therefore  s6me  firs  are  not  trees. 

This  form  is,  precifely,  the  fame  with  the  pre- 
ceding, and^  the  falfhood  of  the  conclufion  is  mani- 
feft,  though  the  premifes  are  undoubtedly  true. 

But  whenever  a  fyHogifm  is  reducible  to  one  of 
the  above  nineteen  forms,  you  may  be  affured,  that 
if  the  two  premifes  are  true,  the  conclufion  unquef- 
tionably  always  is  fo  too.  Hence  you  perceive,  how, 
from  certain  known  truths,  you  attain  others  before 
unknown ;  and  that  all  the  reafonings,  by  which  wc 

demonftrate  fo  many  truths  in  geometry,  may  be 

*  

reduced  to  formal  fyHogifms.  It  is  not  neteffary, 
however,  that  our  reafonings  fiiould  always  be  pro- 
pofed  in  the  fyllogiftic  form,  provided  the  funda- 
mental principles  be  the  fame.  In  converfation,  in 
difcourfe,  arid  in  writing,  we  rather  make  a  point  of 
avoiding  fyHogifm, 

I  miift  farther  remark,  that,  as  the  truth  of  the 
premifes  brings  forward  that  of  the  conclufion,  it 
does  not  thence  neceffarily  follow,  that  when  one  or 
both  of  the  premifes  are  falfe,  the  conclufion  muft  be 
fo  likewife :  but  it  is  certain,  that  when  the  conclu- 

1  fion 
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fion  is  falfe,  one  of  the  premifes,  or  both,  abfolutely 
muft  be  falfe ;  for  if  they  were  true,  it  would  be  im- 
poffible  that  the  conclufion  {hould  be  falfe,  I  have  ftxll 
fome  farther  refle&ions  to  fubmit  to  you,  on  this 
fubjeft,  which  is  the  foundation  of  the  certainty  of 
all  the  knowledge  we  acquire. 

24/^  February,  1761. 


LETTER     CVL 

Different  Figures  and  Modes  of  Syllogifms. 

fT*HE  refleftions  which  I  have  ftill  to  make  on  the 
-*■   fubjeft  of  fyllogifm,  may  be  reduced  to  the  fol- 
lowing articles  : 

I.  A  fyllogifm  contains  only  three  notions,  named 
terms,  in  as  far  as  they  are  reprefented  by  words. 
For  though  a  fyllogifm  contains  three  propofitions, 
and  each  proportion  two  notions,  or  terms ;  it  muft 
be  confidered,  that  each  term  is  twice  employed  in 
it,  as  in  the  following  example : 

every  A  is  B : 
But  every  A  is  C : 
Therefore  some  C  is  B. 
The  three  notions  are  marked  by  the  letters  A.  B.  C« 
which  are  the  three  terms  of  this  fyllogifm :  of  which, 
the  term  A  enters  into  the  firft  and  fecond  propo- 
rtion ;  the  term  B  into  the  firft  and  third  propo- 
m  fition ;    and  the  term  C  into  the  fecond  and  third 
proportion. 

II,  You 
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II-  You  muft  carefully  diftinguifh  thefe  three  terms 
of  every  fyllogifm.  Two  of  them,  namely,  B  and  C, 
enter  into  the  conclufion,  the  one  of  which,  C,  is  the 
fubjed,  and  the  other,  B,  the  attribute,  or  predicate. 
In  logick,  the  fubjecl  of  the  conclufion,  C,  is  called 
the  minor  term,  and  the  predicate  of  the  conclufion,  B, 
the  major  term.  But  the  third  notion,  or  the  term 
A,  is  found  in  both  premifes,  and  it  is  combined 
with  both  the  other  terms,  in  the  conclufion.  This 
term,  A,  is  called  the  mean  or  medium  term.  Thus, 
in  the  following  example. 

NO  MISER  IS  VIRTUOUS  : 
But  SOME  LEARNED  MEN  ARE  MISERS  Z 

Therefore  some  ^earned  men  are  not  virtuous. 

The  notion  learned  is  the  minor  term,  that  of  wr- 
tuous  is  the  major,  and  the  notion  of  mifer,  is  the 
mean  term. 

III.  As  to  the  order  of  the  propofitions,  it  is  a  mat- 
ter of  indifference,  whether  of  the  premifes  is  in  the 
firft  or  fecond  place,  provided  the  conclufion  holds 
the  laft,  it  being  the  confequence  from  the  premifes. 
Logicians  have,  however,  thought  proper  to  lay  down 
this  rule : 

Thefr/i  propofition  is  always  that  which  contains  the 
predicate  of  the  conclufion,  or  the  major  term  ;  for  this 
is  the  reafon  that  we  give  to  this  proportion  the  name  of 
the  major  propofition. 

The  fecond  propofition  contains  the  minor  term,  or  the 
fubjsft  of  the  conclufion,  and  hence  it  has  the  name  of  the 
minor  propofition. 

Thus,  the  major  propofition  of  a  fyllogiftn  contains 

the 
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the  mean  term,  with  the  major  term,  or  predicate 
of  the  conclufion ;  and  the  minor  propqfition  contains 
the  mean  term,  with  the  minor  term,  or  fubjeft,  of 
the  conclufion. 

IV,  Syllogifms  are  diftinguilhed  under  different 
figures,  according  as  the  mean  term  occupies  the 
place  offubjed,  or  attribute,  in  the  premifes. 

Logicians  have  eftablifhed  four  figures  of  fyllo- 
gifms,  which  are  thus  defined : 

The  Jirft  figure  is  that  in  which  the  mean  term  is 
the  fubject,  in  the  major  propofition,  and  thev  predi- 
cate, in  the  minor. 

The  fecond  figure,  that  in  which  the  mean  term  is 
the  predicate,  in  both  the  major  propofition,  and  the 
minor. 

The  third  figure,  that  in  which  the  mean  term  is 
the  fubject,  in  both  the  major  and  minor  propo- 
fitions.     Finally, 

The  fourth  figure,  is  that  in  which  the  mean  term 
is  the  predicate,  in  the  major  propofition,  and  the 
fubject,  in  the  minor. 

Let  P  be  the  minor  term,  or  fubjeft  of  the  con- 
clufion  :  Q  the  major  term,  or  predicate,  of  the  con- 
clufion, and  M  the  mean  term  j  the  four  figures  of 
fyllogifm  will  be  reprefented  in  the  manner  follow- 
ing: 

Figure  Firft 

Major  Propofition 

Minor  Propofition 

Conclufion 


M Q 

P M 

P Q 


Figure 
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Figure  Second. 
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Figure  Third. 


Major  Propofition 

Minor  Propofition 
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Figure  Fourth. 
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V.  Again,  according  as  the  proportions  themfelves 
are  univerfal,  or  particular,  affirmative,  or  negative, 
each  figure  contains  feveral  forms,  called  Modes.  In 
order,  the  more  clearly,  to  reprefent  thefe  modes  of 
each  figure,  wc  mark  by  the  letter  A,  univerfal  affir- 
mative propofitions  ;  by  the  letter  E,  univerfal  nega- 
tive propofitions  ;  by  the  letter  I,  particular  affirma- 
tive propofitions :  and,  finally,  by  the  letter  O,  par- 
ticular negative  propofitions :  or  elfe, 

A  reprefents  an  univerfal  affirmative  propofition. 
E  reprefents  an  univerfal  negative  propofition. 
I  reprefents  a  particular  affirmative  propofition* 
O  reprefents  a  particular  negative  propofition.     , 

VI.  Hence,  our  nineteen  forms  of  fyllogifm,  above 
defcribed,  are  reducible  to  the  four  figures,  which  I 
have  juft  laid  down,  as  in  the  following  tables  ; 

I.  Modes 
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I.  Modes  of  the  Firft  Figure. 


i  ft  Mode. 

2d  Mode. 

xx«  A.  A. 

A.  I.  L 

Every  M  is  Q ; 

Every  M  is-Q ; 

But  Every  P  is  M : 

But  Some  P  is  M  : 

Therefore  Every  P  is  Q.~ 

1 

Therefore  Some  P  is  Q. 

3d  Mode. 

4th  Mode. 

E.  A.  E. 

E.  I.  0. 

No  M  is  Q  ; 

No  M  is  Q ; 

But  Every  P  is  M : 

But  Some  P  is  M  : 

Therefore  no  P  is  Q. 

Therefore  Some  P  is  not  Q. 

II.  Modes  of  the  Second  Figure. 


1  lftMode. 

2d  Mode. 

A.E.  E. 

A.  O.  O.. 

Every  Q  is  M ; 

Every  Q  is  M ; 

But  No  P  is  M : 

But  Some  P  is  not  M : 

Therefore  No  P  is  Q. 

Therefore  Some  P  is  not  Q. 

3  Mode, 

4th  Mode. 

E.  A.  E. 

E.I.  O. 

No  Q  is  M ; 

No  Q  is  M ; 

But  Every  P  is  M : 

But  Some  P  is  M : 

Therefore  No  P  is  Q. 

Therefore  Some  P  is  not  Q. 

■ 

HI.  Modes 
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III.  Modes  of  the  Third  Figure. 


i  ft  Mode. 

A.  A,  I. 

Every  M  is  Q; 
But  Every  Mis  P: 
Therefore  Some  P  is  Q. 


2d  Mode. 

I.  A.  I. 
Some  M  is  Q; 
But  Every  M  is  P: 
Therefore  Some  P  is  Q. 


3d  Mode. 
A.  1. 1. 

Every  M  isQ; 
But  Some  M  is  P: 
Therefore  Some  P  is  Q. 


5th  Mode. 
E.  I.  O. 

No  Mis  Q; 
But  Some  M  is  P: 
Therefore  Some  P  is  not  Q. 


4th  Mode. 

E.  A.  O. 

No  M  is  Q; 
But  Every  M  is  P: 
Therefore  Some  P  is  notQ. 


6th  Mode. 

O.  A.  O. 
SomeM  isnotQ; 
But  Every  M  is  P: 
Therefore  Some  P  is  not  Q. 


* 
IV.    Modes  of  the  Fourth  Figure. 


ift  Mode. 

A.  A.  1. 

Every  Q  is  M ; 
But  Every  M  is  P: 
Therefore  Some  P  is  Q. 


2d  Mode. 

I.  A.  I. 
Some  Q  is  M; 
But  every  M  is  P: 
Therefore  Some  P  is  Q. 


3d  Mode. 

A,  E.  E. 
Every  Q  is  M; 
But  No  M  is  P: 
Therefore  No  P  is  Q. 


1 


4th  Mode. 

E.  A.  O. 
No  Q  is  M; 
But  Every  M  is  P: 
Therefore  Some  P  is  not  Q. 


5th  Mode. 
E.  I.  O. 
No  Q  is  M : 
But  Some  M  is  P : 
Therefore  Some  P  is  not  Q. 


You 
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You  fee,v  then,  that  the  firft  figure  has  four  modes ; 
the  fecond  four  ;  the  third  fix ;  the  fourth  five ;  fo 
that  the  whole  of  thefe  modes,  together,  is  nineteen^ 
being  precifely  the  lame  forms  which  I  have  above 
explained,  and  have  juft  now  difpofed  in  the  four 
figures.  In  other  refpefts,  the  juftnefs  of  each  of 
thefe  modes  has  been  already  demonftrated,  by  the 
fpaces  which  I  employed,  to  mark  the  notions.  The 
only  difference  confifts  in  this,  that  here  I  make  ufe 
of  the  letters,  P,  Q,  M,  inftead  of  A,  B,  C, 

% %th  February )  1 76 1 . 
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LETTER     CVH. 

t 

Obfervations  and  Reflections,  on  the  different  Modes  of 

Syllogifm, 

I  FLATTER  myfelf,  that  the  following  refleaions 
will  contribute,  not  a  little,  to  place  the  nature  of 
fyllogifms  in  a  clearer  light.  You  muft  pay  particu- 
lar attention  to  the  fpecies  of  the  propofitions  which 
compofe  the  fyllogifms,  of  each  of  our  four  figurest 
that  is  to  fay,  whether  they  are, 

i.  Univerfal  affirmative,  the  fign  of  which  is  A;  or 

2.  Univerfal  negative,  the  fign  of  which  is  E ;  or 

3.  Particular  affirmative,  the  fign  of  which  is  I  j 
or,  finally, 

4.  Particular  negative,  the  fign  of  which  is  O  j  and 
you  will  readily  admit  the  juftnefs  pf  the  following 
reflections;  •    "  ~ 

Vol.  L  E  e  I.  In 
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I.  In  no  one  inftancc  are  both  premifes  negative 
proportions.  Logicians  have  hence  formed  this 
rule: 

From  two  negative  propojitions ,  no  conclufton  can  be 
drawn.  '* 

The  reafon  is  evident,  for  laying  down  P  and  Q, 
as  the  terms  of  the  conclufion,  and  M  as  the  mean 
term,  if  both  premifes  are  negative,  the  affirmation 
is,  that  the  notions  P  and  Q,  are  either  wholly,  or 
in  part,  out  of  M :  it  is,  accordingly,  impoflible  to 
conclude  any  thing,  refpe&ing  the  conformity,  .or 
difconformity,  of  the  notions  P  and  Q.  Though  I 
knew  from  hiftory,  that  the  Gauls  were  not  Romans, 
and  that  neither  were  the  Celts  Romans,  this  would 
not  contribute  in  the  lcaft  to  inform  me  whether  the 
Celtae  were  Gauls  or  not.  Two  negative  premifes, 
therefore,  lead  to  no  conclufion. 

II.  Both  premifes  are,  in  no  one  inftance,  particu- 
lar propofitions  ;  hence  this  rule  is  logic : 

From  two  particular  proportions,  no  conclufion  can  be 
drawn. 

Thus,  for  example,  becaufe  fome  learned  men  are 
poor,  and  fome  others  malevolent,  it  is  impoflible  to 
conclude,  that  thofe  who  are  poQr  are  malevolent* 
or  that  they  are  not  fo.  If  you  refleft  ever  fo  little 
on  the  nature  of  a  confequence,  you  muft  immedi-% 
ately  perceive,  that  two  particular  premifes  lead  to 
no  conclufion  whatever.  » 

III.  if  either  of  the  premifes  is  negative,  the  conclufion 
too  mujl  be  negative* 

This  is  the  third  rule  which  logic  prefcribes.  When 

fomething 
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fcmething  is  denied  in  the  premifes,  it  is  impoffible 
to  affirm  any  thing  in  the  conclufion ;  we  muft  ab- 
folutely  dfcny  there  Hkewife.  This  rule  is'  perfectly 
confirmed  1>y  all  the  laws  of  fyllogifin,  whofe  juftice 
has  been  above  demonftrated. 

IV.  If  me  of  the  premifes  is  particular  9  the  conclufion 
too  muft  be  particular* 

This  is  the  fourth  rule  prefcribed  in  logic.  The 
chara&er  of  particular  propofitions  being  the  word 
feme,  if  we  fpeak  Oiily  of  fome  in  one  of  the  premifes, 
it  is  impoffible  to  fpeak  generally,  in  the  conclufion  5 
it  muft  be  reftrifted  to  fome.  This  rule,  Hkewife,  i$ 
confirmed  by  all  the  Jaws  of  fyllogifin,  whofe  juftnefs 
is  indubitable. 

V.  When  both  premifes  are  affirmative*  the  conclufion 
isfo  Hkewife.  But  though  both  premifes  may  be  univerfal9 
the  conclufion  is  not  always  univerfal,fometimes  it  is  par- 
ticular only,  as  in  the  firjl  mode  of  figures  third  and 
fourth. 

VI.  Befide  univerial  and  particular  propofitions, 
we,  fbmetimes,  make  ufe  oifingular  propositions,  the 
iubject  of  which  is  an  individual  j  as  whea  I  fay ; 

V 

Virgil  was  a  great  Poet. 

The  name  of  Virgil  is  not  a  general  notion,  contain* 
ing  feveral  beings  in  itfelf :  it  is  the  proper  name  of 
a  real  individual,  who  lived  a  great  many  years  ago,  / 
This  propofition  is  Qilledfingular ;  and  when  it  is  in* 
traduced  into  a  fyllogifm,  it  is  of  importance  to  de- 
termine, whether  we  are  to  confider  it  as  holding  the 
rank  of  an  univerial,  or  particular,  propofition. 

E  e  2  VII.  Certain 
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VII.  Certain  authors  infift,  that  a  Angular  propcv 
fition  muft  be  ranked  in  the  clafs  of  particulars  ;  it 
being  considered,  that  a  particular  propofition  {peaks 
only  of  fome  beings  comprehended  in  the  notion, 
whereas  an  univerfal  propofition  fpeaks  of  all.  Now, 
fay  thefe  authors,  when  we  fpeak  of  only  a  lingular 
being,  this  is  ftill  lefs  than  when  we  fpeak  of  fome  t 
Stnd,  confequently,  a  lingular  propofition  muft  be 
confidered  as  very  particular. 

VIII.  However  well  founded  this  reafoning  may 
appear,  it  cannot  be  admitted.  The  effence  of  a  par- 
ticular propofition  confifts  in  this,  that  it  does  not 
fpeak  of  all  the  beings,  comprehended  in  the  notion 
of  the  fubjett,  whereas  an  univerfal  propofition  fpeaks; 
of  all,  without  exception.    Thus,  when  it  is  faid  ; 

Some  citizens  of  Berlin  are  rich, 

the  fubjeft  of  this  propofition  is  the  notion  of  all  the 
citizens  of  Berlin  ;  but  this  fubjeft  is  not  taken  in  all 
it's  extent,  it's  fignification  is  exprefsly  reftri&ed  to 
fome:  and,  by  this,  particular  propofitions  are  ef- 
feptially  diftinguiflied  from  univerfal,  as  they  turn 
only  on  a  part  of  the  beings  comprehended  in  their 
fubjeft. 

IX.  It  is  clearly  evident,  from  this  remark,  that  a 
Jingular  propofition  muft  be  confidered  as  univerfal ;  as, 
in  fpeaking  of  an  individual,  fay  Virgil,  it,  in  no  re- 
aped, reftrifts  the  notion  of  the  fubject,  which  is  . 
•Virgil  himfelf,  but  rather  admits  it  in  all  it's  extent : 
"and y  for  this  reafon,  the  fame  rules  which  take  place  in 
univerfal  propofitions  apply,  likewife,  to  fingular  propo- 
1  «  Jitions. 


DIFFERENT  MODES  OF  SYLLOGISMS.  42 1 

fit  ions.    The  following  is,  accordingly,  a  very  good 
fyllogifm : 

VOLTAIRE.  IS  A  PHILOSOPHER  ; 
But  VOLTAIRE  IS  A  POET  : 

„  Therefore  some  p6ets  are  philosophers. 
And  it  would  be  faulty,  if  the  two  premifes  were 
particular  proportions,  but  being  confidered  as  uni- 
verfal,  this  fyllogifm  belongs  to  figijre  third,  and  the 
firft  mode  of  the  form  A.  A.  I.  The  individual  idea 
of  Voltaire  is  the  mean  term,  which  is  the  fubjecfc 
of  both  major  and  minor  j  and  this  is  the  character 
of  figure  third. 

X.  Finally,  I  muft  remark,  that  hitherto  I  have 
fpoken  only  of  fimple  proportions ,  which  contain  only 
two  notions,  tjie  one  of  which  is  affirmed  or  denied, 
xiniverfally,  or  particularly.  With  refpect  to  compound 
proportions,  logic  prefcribes  peculiar  rules. 

$d  Marcb9  1761. 

1 

1 

LETTER    CVHL 

Hypothetical  Proportions,  and  Syllogifms  conjlruftcd  of 

thenu 

X7E7E  Tiave,  hitherto,  confidered  fimple  propo- 
•  fitions  only,  or  fuch  as-  contain  but  tjvo  na- 
tions, the  one  of  which  is  the  fubjeft,  the  other  the 
predicate.  Thefe  proportions  can  form  no  other 
fyllogifrhs,  except  thofe  which  I  have  laid  before  you, 
and  Vhich  are  contained  in  the  four  figures  above 
•explained.  But  we,  likewife,  frequently  employ 
i    "••'  .-  E  e  3  compound 
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compound  proportions,  "which  contain  more  than  two 
notions,  and  refpe&ing  which  other  rules  are  to  be 
obferved,  in  order  to  deduce  fair  condufions  from 
them. 

Of  thefe  compound  propofitk>n9,  the  moft  com- 
mon are  thofe  which  are  called  hypothetical)  or  cendi- 
iional,  which  contain  two  complete  propofition^  with 
an  affirmation,  that,  if  the  one  is  true,  the  ether  hfo 
likewife :  the  following  is  an  example  of  a  conditional 
propofition : 

If  the  Gazette  fpeaks  truth,  peace  is  not  vwy 

diftant. 
Here  are  two  propofitions,  the  firft,  the  Gazette fpeah 
truth,  or,  the  Gazette  is  true :  and  the  other,  peace  is 
not  wry  diftant,  or  peace  is  approaching. 
*  Now,  thefe  two  propofitions  muft  be  connected 
together  in  fuch  a  manner,  that  if  the  firft  is  true, 
the  fecond  is  fo  likewife ;  or,  it  is  maintained,  that 
the  fecond  propofition  is  a  neceffary  confequence  of 
the  firft,  fo  that  the  former  cannot  be  true,  without 
eftablifhing  the  truth  of  the  other  alfo.  Suppofing, 
then,  that  the  Gazettes  announce  the  approach  of 
peace,  we  are  warranted  in  faying,  that,  if  the  Ga- 
zettes are  true,  peace  muft  be  at  hand* 

Without  this  condition,  fuch  a  propofition  leads 
to  nothing :  but  if  this  condition  is  complied  With, 
then  with  the  addition  of  fome  other  propofition, 
there  are  two  ways  of  drawing  a  condufion  from  it  z 
i  ft,  When  fome  perfon  affures  us,  that  the  Gazette 
fpeaks  truth ;  for,  hence  we  conclude,  that  peace  is 
near:  2d,  When  we  are  told,  tfat  peace  is  ftill  very 

diftant  $ 
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diftant ;  then  we  make  no  hefitation  in  thence  con* 
eluding,  that  the  Gazette  does  not /peak  truth. 

You  fee  that  thefe  two  conclufions  are  general, 
and  give  two  forms  of  hypothetical,  or  conditional, 
fyllogifms,  which  may  be  thus  reprefented : 

Firft  Form. 
If  A  is  B,  C  will  be  D ; 
But  A  is  B : 
Therefore  C  is  D. 

Second  Form.  T  . 

If  A  is  B,  C  will  be  D ; 
But  C  is  not  D : 
Therefore  A  is  not  B. 
Thefe  two  are  the  only  juft  conclufions  ;  and  you 
muft  be  carefully  on  your  guard  againft  the  fallacy 
of  the  two  following  forms  : 

Firft  erroneous  Form. 
If  A  is  B,  C  will  be  D  j 
But  A  is  not  B  : 
Therefore  C  is  not  D. 

Second  erroneous  Form. 
If  A  is  B,  C  will  be  D  5 
But  C  is  D  : 
Therefore  A  is  B. 
Thefe  are  both  fallacious.     In  the  example  adduced, 
I  fhould  reafon  inconclufively,  if  I  argued  in  this 
manner : 

If  THE  GAZETTE  SPEAKS  TRUTH,  PEACE 
IS  APPROACHING  ;    . 
But  THE  GAZETTE  DOES  NOT  SPEAK  TRUTH  : 

Therefore  peace  is  not  appro acjhno. 

Ee4  It 


424  HYPOTHETICAL  PROPOSITIONS". 

It  is,  undoubtedly,  true,  that  the  Gazette  may  net 
fpeak  truth ;  aevcrthelefc,  it  is  very  poflible  that 
peace  may  be  approaching. 

The  other  form  is  equally  erroneous  •, 

If  THE  GAZETTE   IS  TRUE,  PEACE  AP-     ; 
PROACHES  J 
But    PEACE  APPROACHES  : 

Therefore  the  gazette  is  true. 
Let  us  fuppofe,  that  this  confolatory  truth,  peace  ap- 
proaches■,  werp  revealed  to  us,  fo  as  to  be  put  beyond 
the  poflibility  of  doubt,  it  would  by  rio  means  fol- 
low that  Gazettes  are  true,  or  that  they  never  con- 
tain untruths.  1  hope,  at  leaft,  that  peace  is  at  hand, 
though  I  am  Very  far  from  putting  confidence  in  the 
truth  of  Gazettes. 

Thefe  two  laft  forms  of  fyllogifms,  therefore,,  are 
fallacious  ;  but  the  two  preceding  are  certainly  good, 
and  never  lead  into  *  error,  provided  that  the  firft 
conditional  prop  ofit ion  is  true,  or  that  the  laft  part 
be  a  neceffary  confequence  of  the  firft. 

Of  this  conditional  propofition  : 

If  A  is  B,  C  will  be  D. 
The  firft  part,  A  is  B,  is  called  the  antecedent,  and 
the  other,  C  will  be  D,  the  consequent.     Logic "  pre- 
fcribes  the  two  following  rules  to  diredt  us  in  this 
ftyle  of  reafoning : 

I.  Whoever  admits  the  antecedent,  majl  likewife  admit 
\he  confequcnt. 

II.  Whoever  denies,  or  rejefls,  the  confequent,  vmji 
.fyke wife  deny,  or  rejed,  the  antecedent. 

But  you  gnay  very  well  deny  the  antecedent  with- 
£*  •  out 
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Out  denying  the  confequent,  and  likewife  ^dmit  the 
confequent  without  admitting  the  antecedent. 

There  are  ftill  other  compound  proportions,  of 
which  alfo  fyllogifms  may  be  formed.  It  will,  per- 
haps, be  fufficient  to  produce  a  fingle  example.  Hav- 
ing this  propofition : 

Every  fubftance  is  body  or  fpirit : 
the  conclufion  will  run  in  the  following  manner : 

•I.  But  Such  a  fubftance  is  not  body ; 
Therefore  It  is  fpirit. 

II.  But  Such  a  fubftance  is  body ; 
Therefore  It  is  not  fpirit* 

But  it  is  entirely  unneceflary  to  detain  you  longer 
cm  this  fubjeft. 

•jth  March,  1761, 
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LETTER     CIX. 

Of  the  Imprejfion  of  Senfations  on  the  Soul. 

T  TAVING  endeavoured  to  unfold  the  principles  of 
logic,  whofe  objed  it  is  to  lay  down  infallible 
rules  for  right  reafoning,  I  muft  ftill  detain  you  a 
little  longer  on  the  fubject  of  ideas. 

We,  undoubtedly,  derive  them,  in  the  firft  in- 
ftance,  from  real  objects,  which  ftrike  our  fenfes ; 
and  as  far  as  they  are  ftruck  with  any  object,  a  fenfa- 
tion  correfponding  is  thereby  excited  in  the  foul. 
Not  only  do  the  fenfes  reprefent  to  the  foul  the  idea 
of  that  objed,  but  they  give  it  full  affurance  of  it's 

exiftencc 
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exiftence,  out  of  us ;  and  it  is  of  importance  to  re- 
mark, that  the  fenfation  is  not  indifferent  to  the 
foul,  but  always  accompanied  with  fome  pleafure,  or 
difguft,  to  a  greater  or  Ids  degree. 

Now,  having  once  acquired,  through  this  medium, 
the  idea  of  any  object,  the  foul  lofes  it  not  when  the 
object  ceafes  to  aft  on  our  fenfes ;  it  is  only  the  fen- 
fation, by  which  the  foul  is  agreeably,  or  difagreeably 
affe&ed,  that  is  loft ;  but  it  (till  preferves  the  idea  of 
the  object  itfelf.  Not  that  the  idea  is  ever  prefent 
to  it,  or  that  it  continually  cherifhes  fuch  idea  in 
thought ;  but  it  poffeffes  the  power  of  awakening, 
or  recalling,  the  idea,  at  pleafure. 

This  faculty  of  the  foul,  by  which  it  is  enabled  to 
recoiled  ideas  once  perceived,  is  called  reminifcencey 
which  contains  the  fource  of  memory*  Deprived  of 
the  power  of  recalling  paft  ideas,  that  of  perceiving 
would  anfwer  little  or  no  purpofe ;  if  we  loft,  every 
moment,  the  recolle&ion  of  ideas  once  perceived,  we 
fhould  always  be  in  the  ftate  of  new-born  infants, 
that  is,  in  a  ftate  of  the  moft  profound  ignorance. 
Reminifcence,  then,  is  the  moft  precious  gift  which 
the  Creator  has  beftowed  on  the  foul  of  man,  and  here 
it's  fpirituality  fhines  in  the  brighteft  luftre  ;  for,  by 
means  of  this  faculty,  the  foul  gradually  rifes  to  the 
attainment  of  knowledge  the  moft  fublime. 

But  though  recollected  ideas  reprefent  to  us  the 
fame  objc&s  which  perceived  ideas  do,  they  differ 
from  them,  however,  in  this,  that  they  are  not  ac- 
companied with  the  fenfation,  nor  with  the  convic- 
tion, that  the  objefts  really  exift.    If  you  have  once 

been 
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teen  fpe&ator  of  a  conflagration,  you  can  recall  the 
idea  of  it  whenever  you  will,  without  imagining, 
however,  that  tbef  e  really  is  one.  It  is  even  poffible, 
that  for  a  very  long  time,  you  may  not  have  thought 
of  fuch  a  conflagration,  but  without  having  loft  the 
power  of  recalling  the  idea  of  it. 

It  is  the  fame  with  refpeft  to  all  the  ideas  which 

we  have  once  perceived ;  but  it  frequently  happens, 

that  we  lofe,  almoft  entirely,  the  recollection,  or,  in 

other  words,  forget  them.    We  remark,  neverthe- 

*fefe,  a  very  great  difference  between  ideas  forgotten, 

and  ideas  wholly  unknown^  or  fuch  as  we  never  had. 

.With  refpeft  to  the  firft,  as  foon  as  the  fame  object 

<prefents  itfelf  afrefh  to  our  fenfes,  we  much  more 

eafily  catch  the  idea  of  it,  and  we  recoiled  perfe&ly, 

that  it  is  the  fame  which  we  had  forgotten :  this 

would  not  be  the  cafe  had  we  never  poffeffed  it. 

,     It  is  here  the  materialifts  boaft  of  having  found  a 

demonftration  of  their  opinions.     They  conclude 

<  from  it,  that  it  is  extremely  dear,  the  foul  is  nothing 

-elfe  but  a  fubtile  matter,  on  which  external  obje&s 

•are  capable  of  making  fome  flight  impreffion,  by 

•rtieans  of  the  fenfes :  that  this  impreffion  is  nothing 

.elfe  but  the  idea  of  the  objefts ;  and  that  as  long  as 

.it  remains,  the  recolledion  is  preferved  \  but  that  we 

forget  it,  when  the  impreffion  is  totally  effaced. 

If  this  reafoning  were  folid,  ideas  muft  neceffarily 

remain  always  prefent  with  us,  till  we  forgot  them  j 

ithis,  however,  is  not  the  cafe ;  for  we  recall  them 

when  we  pleafe ;  and  if  the  impreffion  were  effaced, 

.  how  could  matter  recolleft,  that  it^for  jnerly  had  that 

;  impreffion, 
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impreffion,  or  receiving  it  afrefh  ?  And,  though  it  bt 
very  certain,  that  the  aftion  of  obje&s,  on  the  fenfes, 
produces  fome  change  in  the  brain ;  this  change  is 
very  different  from  the  idea  which  is  occafioned  by 
it ;  and  the  fentiment  of  pleafure,  or  difguft,  as  well 
as  the  judgment  refpecHng  the  objed:  itfclf,  which 
caufed  this  impreffion,  equally  require  a  being  wholly 
different  from  matter,  and  endowed  with  qualities  of 
quite  a  different  nature. 

Our  advances  in  knowledge  are  not  limited  to 
ideas  perceived :  the  fame  ideas,  recollefted  in  the 
memory,  form  for  us,  by  abftra&ioh,  general  ideas 
of  them,  which  contain,  at  once,  a  great  number 
of  individual  ideas  ;  and  how  many  abftraft  ideas  do 
we  form,  refpe&ing  the  qualities  and  accidents  of 
objcfts,  which  have  no  relation  to  any  thing  corpo- 
real, fuch  as  the  notions  of  virtue,  of  wifdom,  &c  I 

This,  after  all,  refers  only  to  the  under/landing 
which  comprehends  but  a  part  of  the  faculties  of 
the  foul ;  the  other  part  is  not  lefs  extenfive,  namely, 
the  will  and  liberty,  on  which  depend  all  our  refolu- 
tions  and  acHons.  There  is  nothing  in  the  body  re- 
lative to  this  quality,  by  which  the  foul  freely  de- 
termines itfelf  to  certain  aftions,  even  after  mature 
deliberation.  It  pays  regard  to  motives,  without 
being  forced  to  fubmit  to  their  influence ;  and  li- 
berty is  fo  effential  to  it,  as  well  as  to  all  fpirits,  that 
it  would  be  as  impoffible  to  imagine  a  fpirit  without 
liberty,  as  a  body  without  extenfion.  God  himfelf 
could  not  diveft  a  fpirit  of  this  effential  property. 

It  is  by  this,  accordingly,  that  we  are  enabled  to 
•  folve 
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fbhre  all  the  perplexing  queftions  refpecting  the  origin 
of  evil,  the  permiffion  of  fin,  and  the  exiftence  of 
all  the  calamities  by  which  the  world  is  oppreffed ; 
their  great  and  only  fource  is  human  liberty. 

iotb  March)  1761. 
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Of  the  Origin  and  Permiffion  of Evil j  and  of  Sin. 

THE  origin  and  permifiion  of  evil  in  the  world, 
is  an  article  which  has,  in  all  ages,  greatly  per- 
plexed theologians  and  philofophers.  To  believe  that 
God,  a  Being  fupremely  good,  fhould  have  created 
this  world,  and  to  fee  it  overwhelmed  with  fuch  va- 
riety of  evil,  appears  fo  contradictory,  that  fome 
found  themfelves  reduced  to  the  neceffity  of  ad- 
mitting two  principles,  the  one  fupremely  good,  the 
other  fupremely  evil.  This  was  the  opinion  enter- 
taided  by  the  ancient  heretics,  known  in  hiftory  by 
the  name  of  Mariicheans  ;  who,  feeing  no  other  way 
of  accounting  for  the  origin  of  evil,  were  reduced  to 
.this  extremity*  Though  the  queftion  be  extremely 
complicated,  this  fingle  remark,  that  liberty  is  a  qua- 
lity effential  to  fpirits,  difpels,  at  once,  a  great  part 
of  the  difficulties,  which  would  otherwife  be  infur* 
mountable. 

In  truth,  when  God  had  created  man,  it  was  too 
late  to  prevent  fin,  his  liberty  being  fufceptible  of 
no  conftraint.    But,  I  ihall  be  told,  it  would  have 

been 
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been'  better  not  to  create  fuch  and  fuch  men,  of 
fpirits,  who,  as  God  muft  have  forefeen,  would  abuie 
their,  liberty,  and  plunge  into  fin.     I  fliould  deem  it 
rather  rafli  to  enter  upon  this  difcuffion,  and  to  pre- 
tend to  judge  of  the  choice  which  God  might  have 
been  able  to  make,  in  creating  fpirits ;  and,  perhaps, 
the  plan  of  the  univerfe  required  the  exiftence  of 
fpirits  of  every  poffible  defcription.     And,  in  fo&, 
when  we  refleft,  that  not  only  our  earth,  but  all  the 
planets,  are  the  habitations  of  rational  beings ;  md 
that  even  all  the  fixed  ftars  are  funs,  each  of  which 
may  have  around  it  a  fyftem  of  planets,  Iikewife  ha* 
bitable,  it  is  clear,  that  the  number  of  all  the  beings 
endowed  with  reafon,  which  have  exifted,  which  do 
exift,  and  which  fhall  exift,  in  the  whole  univerfe*  * 
muft  be  infinite. 

It  is,  therefore,  unpardonable  prefumption  to  in* 
finuate,  that  God  ought  not  to  have  granted  exift- 
ence to  a  great  number  of  fpirits ;  and  the  very  per* 
ions,  who  thus  reproach  their  Maker,  would  cer» 
tainly  not  wifti  to  be  of  the  number  of  thofe  to 
whom  exiftence  was  denied.  This  firft  obje&ion, 
then,  is  fuificiently  done  away ;  and  it  is  no  way  in* 
confiltcnt  with  the  Divine  perfections,  that  exiftence 
lias  been  beftowed  on  all  fpirits,  good  and  bad. 

It  is  next  alleged,  that  the  mifchievoufhefe  of  fpirits, 
or  rcafonable  beings,  ought  to  have  been  reprefTed 
by  the  divine  Omnipotence.  On  this  I  remark,  that 
liberty  is  fo  effential  to  all  fpirits,  as  to  be  beyond 
all  power  of  conftraint ;  the  only  method  of  govern- 
ing fpirits  confifts  in  the  ufe  of  motives,  to  difpofe 

them 
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them  to  what  is  good,  and  to  diffuade  them  from 
evil ;  but,  in  this  refpeft,  we  find  not  the  flighted 
ground  of  complaint.  The  moft  powerful  motives 
have,  undoubtedly,  been  propofed  to  all  fpirits,  to 
incline  them  to  good,  thefe  motives  being  founded 
on  their  own  falvation ;  but  they  by  no  means  em- 
ploy conftraint,  for  this  would  be  contrary  to  theis 
nature,  and  in  all  refpe&s  impoffible. 

.  However  wicked  men  may  be,  it  never  can  be  in 
their  power  to  excufe  themfelves,  from  ignorance  of 
the  motives  which  would  have  prompted  them  to 
good :  the  divine  law,  which  conftantly  aims  at  their 
everlafting  happinefs,  is  engraven  on  their  heart,  and 
k  muft  always  be  their  own  fault  if  they  plunge  into 
evil.  Religion  difcovers  to  us,  likewife,  fo  many 
other  means  which  God  employs  to  reclaim  us  from 
our  wanderings,  that,  on  this  fide,  we  may  reft  confi- 
dently affured,  that  God  has  omitted  nothing  which 
could  have  prevented  the  malignant  explofions  of 
men,  and  of  other  reafonable  beings. 

But  thofe  who  bewilder  themfelves  in  fuch  doubts 
refpecling  the  origin  and  the  permiffion  of  evil  in 
the  world,  perpetually  confound  the  corporeal  with 
the  fpiritual  world ;  they  imagine  that  fpirits  are,  as 
bodies,  fufceptible  of  conftraint.  Severe  difcipline  is, 
frequently,  capable  of  preventing,  among  the  chil- 
dren of  a  family,  the  foldiers  of  an  army,  or  the  in- 
habitants of  a  city,  the  open  eruption  of  perverfe 
difpofitions ;  but  it  muft  be  carefully  remarked,  that 
this  conftraint  extends  only  to  what  is  corporeal ; 
it,  in  no  refpeft,  reftrains  the  fpirit  from  being  as 
.  7  vicious, 
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vicious,  and  as  malignant,  as  if  it  enjoyed  the  moft 
unbounded  licence.  ■     . 

Human  governments  rouft  •  reft  contented  with, 
this  exterior,  or  apparent  tranquillity,  and  give  them- 
felves  little  trouble  about  the  real  difpofitions  of 
men's  minds ;  but,  before  God,  the  thoughts  all  lie 
open,  and  perverfe  inclinations,  however  concealed 
from  men,  are  as  abominable  in  his  fight,  as  if  they 
had  broke  out  into  the  moft  atrocious  a&ions.  Men 
fuffer  themfelves  to  be  dazzled  by  falfe  appearances  % 
but  God  has  refpeft  to  the  real  difpofitions  of  every 
fpirit,  according  as  they  are  virtuous,  or  vicious,  in* 
dependency  of  the  a&ions  which  flow  from  them. 

The  Holy  Scriptures  contain,  to  this  purpofe,  the 
moft  pointed  declarations,  and  inform  us,  that  he 
who  meditates  only  the  deftru&ion  of  his  neighbour* 
fufFering  himfelf  to  be  hurried  away  by  a  fpirit  of 
hatred,  is  as  criminal  in  the  fi^ht  of  God,  as  the  ao 
tual  murderer ;  and  that  he  who  indulges  a  covetous 
delire  of  another's  property  is,  in  his  eftimation,  as 
much  a  thief  as  he  who  really  fteais. 

In  this  refpect,  therefore,  the  government  of  God 
over  fpirits^  or  rational  beings,  is  infinitely  different 
from  that  which  men  exercife  over  men  like  them. 
felves  ;  and  we  greatly  err,  if  we  imagine  that  a  go» 
vernment,  which  appears  the  beft  in  the  eyes  of  men 
is  really  fo  in  the  judgment  of  God.  This  is  a  re* 
flection  of  which  we  ought  never  to  lofe  fight* 

l^tb  Marc\  1761. 
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« 

Of  moral  and  phyfical  Evil. 

T  7T  THEN  complaint  is  made  of  the  evil  which  pre* 

*  *  vails  in  the  world,  a  diftribution  of  them  into 
two  claffes  takes  place :  moral  evits  and  phyfical  evils. 
The  clafs  of  moral  evils  contains  the  perverfe  or  vi- 
cious inclinations,  the  difpofitions  of  fpirits  to  what 
is  evil  or  criminal,  which  is  undoubtedly  the  moll: 
grievous  calamity  and  the  greateft  imperfe&ion  w$&h 
can  exift. 

In  truth,  with  regard  to  fpirits,  it  is  impoflible  to 
conceive  a  more  deplorable  irregularity,  than  when 
they  deviate  from  the  eternal  laws  of  virtue,  and 
abandon  themfelves  to  the  commiflion  of  vice.  Vir- 
tue is  the  only  means  of  rendering  a  fpirit  happy  ; 
to  beftow  felicity  on  a  vicious  fpirit  is  beyond  the 
pow^r  of  God  himfelf.  Every  fpirit  addifted  to 
vice  is  neceffarily  miferable,  and,  unlefs  it  return  to 
virtue,  it's  mifery  cannot  come  to  an  end :  fuch  i$ 
the  idea  I  form  of  demons,  of  wicked  and  infernal 
fpirits ;  an  idea  which,  to  me,  appears  confonant  to 
what  Scripture  fuggefts  on  the  fubjeft. 

Infidels  make  a  jeft  of  this ;  but  as  men  cannot 
pretend  to  be  the  beft  of  all  rational  beings,  neither 
can  they  boaft  of  being  the  moft  wicked ;  there  are, 
undoubtedly,  beings  much  more  depraved  than  the 
moft  malignant  of  mankind,  fuch  as  devils.  But  I 
have  already  made  it  appear,  that  the  exigence  of  fo 

•  Vol*  I.  F  f  many 
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many  corrupted  men  and  fpirits,  ought  not  to  form 
any  objeftion  againft  the  perfection  of  this  world, 
much  lefs  be  confidered  as  an  imputation  of  the  Su- 
preme Being. 

A  fpirit,  the  devil  not  excepted,  is  always  a  being, 
excellent,  and  infinitely  fuperior  to  every  thing  that 
can  be  conceived  in  the  corporeal  world  ;  and  this 
world,  as  far  as  it  contains  ah  infinite  number  of 
fpirits,  of  all  orders,  is  always  a  work  of  the  higheft 
perfe&ion.  Now,  all  fpirits  being  effentially  free, 
criminality  was  poflible  from  the  commencement  of 
their  exiftence,  and  could  not  be  prevented  even  by 
the  divine  Omnipotence.  Befides,  fpirits  ar-e  the 
authors  of  the  evils  which  neceffarily  refult  from  fin, 
every  free  agent  being  always  the  only  author  of  the 
evil  which  he  commits;  and,  confequently,  thefe 
evils  cannot  be  imputed  to  the  Creator ;  as  among 
men,  the  workman  who  makes  the  fword  is  not  re- 
fponfible  for  the  mifchief  that  is  done  with  it.  Thus, 
with  refpeft  to  the  moral  evils  which  prevail  in  the 
world,  the  fovereign  goodnefs  of  God  is  fufficiently 
juftificd. 

The  other  clafs,  that  of  pbyjical  evils,  contains  all 
the  calamities  and  miferies  to  which  men  ajre  expofed 
in  this  world.  It  is  admitted,  that  moft  of  thefe  are 
a  neccflary  confequence  of  the  malice,  and  other 
vicious  propeufities  with  which  men,  as  well  as  .other 
fpirits,  are  infe&ed ;  but  as  thefe  confequences  are 
communicated  by  means  of  bodies,  it  is  afked,  Why 
God  fliould  permit  to  wicked  fpirits,  the  power  of 
a&ing  fo  efiicacioufly  on  bodies,  and  of  employing 

them 
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them  as  inftruments  to  execute  their  pernicious  pur- 
pofes  ?  A  father,  who  faw  his  fori  on  the  point  of 
committing  a  murder,  would  fnatch  the  fword  out 
of  his  hand,  and  prevent  the  perpetration  of  a  crime 
fo  heinous.  I  have  already  obferved,  that  this  aban* 
doned  fon  is  equally  guilty  before  God,  whether  he 
has  aftually  accomplished  his  defign,  or  only  made 
ineffectual  efforts  to  execute  it,  and  the  father,  who 
prevented  him,  does  not  thereby  render  him  better. 

We  may,  neverthelefs,  confidently  maintain,  that 
God  does  not  permit  a  free  courfe  to  the  wickednefs 
of  man.  Did  nothing  refill  the  execution  of  all  the 
pernicious  purpofes  of  the  human  heart,  how  mifer- 
able  fliould  we  be!  We  frequently  fee,  that  the 
wicked  have  great  difficulties  to  encounter,  and 
though  they  fhould  fucceed,  they  have  no  power  over 
the  confequences  of. their  actions,  which  always  de- 
pend on  fo  many  other  circumftances,  that,  in  the 
iffue,  they  produce  the  directly  oppofite  effe<3t  from 
what  was  intended.  It  cannot  be  denied,  at  the 
fame  time,  that  there  may  refult  from  thefe,  calami- 
ties and  miferies  to  torment  mankind ;  and  it  is  ima- 
gined, that  the  world  would  be  infinitely  better  go- 
verned, were  God  to  interpofe  an  effectual  reftraint 
to  the  wickednefs  and  audacity  of  men* 

It  would,  undoubtedly,  be  vejry  eafy  for  God  to 
crufh  to  death  a  tyrant,  before  he  could  realize  his 
cruel  and  oppreffive  defigns,  or  to  ftrike  dumb  an 
unjuft  judge,  who  was  going  to  pronounce  an  ini- 
quitous fentence.  We  might  then  live  quietly,  and , 
enjoy  all  the  cpmforts  of  life,  fuppofing  God  were 

Ff2  to 
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to  grant  us  the  bleffings  of  health,  and  all  the  good 
things  we  could  wifh  for :  our  happineft  would  thus 
bfc  perfect  On  this  plan  they  would  have  the  world 
governed,  in  order  to  render  us  all  happy:  the 
wicked  difablcd  to  perpetrate  their  criminal  jrar- 
pofes,  and  the  good  in  poffcffion  of  the  peaceful  en- 
joyment of  all  the  bleffings  which  they  can  defire. 

It  is  believed,  and  with  good  reafon,  that  God 
wifhes  the  ha^pinefe  of  men,  and  it  is  (natter  of  fur* 
prize,  that  this  world  fhould  be  fo  different  from  the 
plan  which  is  imagined  the  raoft  proper  for  the  at* 
tainment  of  this  end.  We  rather  fee  the  wicked 
frequently  enjoying,  not  only  all  the  advantages  of 
this  life,  but  put  in  a  condition  to  execute  their  ma- 
chinations, to  the  confufion  and  diftrefi  of  perfbns 
of  worth  ,  while  the  good  are  opprefled  and  over* 
whelmed  by  the  moft  fenfible  evils,  pains,  cliieafes, 
mortifications,  lofs  of  goods,  and,  in  general,  by 
every  fpecies  of  calamity ;  and  that,  at  laft,  the  good 
as  well  as  the  bad,  muft  infallibly  die,  which  appears 
to  be  the  greateft  of  all  evils. 

Looking  on  the  world  in  this  point  of  view,  one 
is  tempted  to  call  in  queftion  the  fupreme  wifdom 
and  goodnefs  of  the  Creator ;  but  it  is  a  hazard 
which  we  muft  take  great  care  to  fhun* 

\-jtb  Marcb%  1761. 
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LETTER  CXII. 

Reply  to  Complaints  of  the  Exijlence  of  phyfical  Evil. 

OUPPOSING  our  exiftence  limited  to  the  prefent 
^  life,  the  poffeffion  of  the  good  things  of  this 
world,  and  the  enjoyment  of  every  delight,  would 
be  very  far  from  filling  up  the  meafure  of  our  hap^ 
pinefs.  All  are  agreed,  that  true  felicity  confifts  in 
mental  tranquillity  and  fatisfa&ion,  which  are  fel- 
dom,  if  ever,  accompanied  with  that  brilliancy  of 
condition,  which  is  confidered  as  fuch  an  ineftjmable 
blcfling,  by  thofe  who  judge  only  from  appearances. 

The  infufficiency  of  temporal  good  things  to  ren» 
dcr  us  happy,  becomes  {till  more  manifeft,  when  we 
come  to  refleft  on  our  real  deftination.  Death  does 
not  put  a  period  to  our  exiftence,  it  rather  tran& 
mits  us  into  another  life,  which  is  to  endure  for 
ever.  The  faculties  of  our  foul,  and  our  attainments 
in  knowledge*  will  then,  no  doubt,  be  earned  to  the 
higheft  perfe&ion ;  and  it  is  on  this  new  ftate  that 
our  real  happinefs  depends,  and  this  ftate  cannot  bq 
happy  without  virtue. 

The  infinite  pejfe&ion6  of  the  Supreme  Beijig, 
which  we  now  perceive  only  as  through  a  thick 
cloud,  (hall  then  fhine  in  the  byighteft  luftre,  and 
{hall  become  the  principal  objeft  of  our  contempla. 
tion,  admiration,  adoration.  There,  not  only  (hall 
our  understanding  find  the  moft  inexhauftible  ftores 
of  pure  and  perfect  knowledge,  but  we  fhall  be  per* 

Ff$  mitted 
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mitted  to  hope  for  admiffion  into  favour* with  the 
Supreme  Being,  and  to  afpire  after  the  moft  endear- 
ing expreflions  of  his  love.     How  happy  do  we 
reckon  the  peculiar  favourites  of  a  great  prince,  efpe- 
cially  if  he  is  really  great,  though  the  favours  which 
he  beftows  are  marred  by  many  infufions  of  bitter- 
nefi  ?  What  will  it  then  be,  in  the  life  to  come,  when 
God  himfclf  fliall  Jhed  abroad  bis  love  in  our  hearts* 
a  love  the  effefts  of  which  (hall  never  be  interrupted 
nor  deftroyed !  This  fliall,  thenceforward,  conftitute 
a  felicity  infinitely  fiirpafling  all  that  we  can  conceive* 
In  order  to  a  participation  of  thefe  inexpreffiblc 
favours,  flowing  from  the  love  of  the  Supreme  Being, 
it  is  natural  that,  on  our  part,  we  fliould  be  pene* 
trated  with  fentiments  of  the  moft  lively  aflection 
to  him.     This  bleffed  union  abfolutely  requires,  in 
us,  a  certain  difpofition,  without  which  we  ftiould  be 
incapable  of  participating  in  it ;  and  this  difpofition 
confifts  in  virtue,  the  bafis  of  which  is  the  love  of 
God,  and  that  of  our  neighbour.     The  attainment 
of  virtue,  then,  fliould  be  our  chief,  our  only  object 
in  this  life,  where  we  exift  but  for  this  end,  to  pre* 
pare  for,  and  to  render  ourfelves  worthy  of  partaking 
in  fupreme  and  eternal  felicity. 

In  this  point  of  view,  we  muft  form  a  judgment  . 
of  the  events  which  befall  us  in  this  life.  It  is  not 
the  poffeflion  of  the  good  things  of  this  world  that 
renders  us  happy ;  it  is  rather,  a  fituation  which 
moft  effeftually  condufts  to  virtue.  If  profperity 
were  the  certain  means  of  rendering  us  happy,  we 

\ might  be  fuffered  jto  complain  of  adverfity ;  but  ad- 
veriity 
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Verfity  may  rather  have  the  effect  of  confirming  our 
virtue,  and,  in  this  view,  all  the  complaints  of  men, 
rcfpecting  the  phyfical  evils  of  life,  are,  likewife, 
completely  done  away. 

You  have  no  difficulty,  then,  in  comprehending, 
that  God  had  the  moft  folid  reafons  for  admitting 
into  the  world  fo  many  calamities  and  miferies,  as 
the  whole  obvioufly  contributes  to  our  Talvation. 
It  is  unqueftionably  true,  that  thefe  calamities  are, 
for  the  moft  part,  statural  confequences  of  human 
corruption ;  but  it  is  in  this  very  thing,  that  we 
ijnuft  principally  admire  the  wifdom  of  the  Supreme 
Being,  who  knows  how  to  over-rule  the  moft  vicious 
aftions,  fior  our  final  happinefs. 

Many  good  people  would  not  have  reached  fuch 
a  fublimity  of  virtue^  had  they  not  been  oppreffed, 
and  tormented,  by  cruelty  and  injuftice. 

I  have  already  remarked,  that  bad  a&ions  are  fuch, 
only  with  regard  to  thofe  who  commit  them :  the 
determination  of  their  foul  alone  is  criminal,  the 
a&ion  itfelf  being  a  thing  purely  corporeal,  in  as 
much  as,  confidered  independently  of  the  perfon 
who  commits  it,  there  is  nothing,  either  good  or 
evil,  in  the  cafe.  A  mafon  falling  from  the  roof  of 
a  houfe  upon  a  man,  as  certainly  kills  him  as  the 
moft  determined  affaffin.*  The  aftion  is  abfolutely  ' 
the  fame ;  but  the  mafon  is  not  guilty  in  the  flighted 
degree;  whereas  the  affaffin  deferves  the  fevereft 
punifhment.  Thus,  however  criminal  actions  may 
be,  with  regard  to  thofe  who  commit  them,  we 
xjiuft  confider  them  in  quite  a  different  light  as  they 

Ff4  affeft 
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affcA  ourfclvcs^  or  produce  an  influence  on  our  filia- 
tion. 

We  ought,  therefore,  to  retted,  that  nothing  can 
befall  us,  but  what  is  perfectly  confonant  to  the  fovc- 
reign  wifdom  of  God*  The  wicked  may  be  guilty  of 
injustice  towards  us,  but  we  cannot  upon  the  whole 
fuffer  from  it ;  no  one  can  ever  injure  us,  though  he 
may  greatly  hurt  himfelf ;  and  in  every  thing  that 
copies  to  pais,  we  ought  always  to  acknowledge 
God,  as  if  it  befell  us  immediately  by  his  exprefs  ap- 
pointment. We  may,  moreover,-  reft  affured,  that 
it  is  not  from  caprice,  .or  merely  to  vex  us,  that  God 
difpofes  the  events  in  which  we  are  concerned,  but 
that  they  muft  infallibly  terminate  in  our  true  hap- 
pinefs.  Thofe  who  confider  all  events  in  this  light, 
will  foon  have  the  iatisfadion  of  being  convinced, 
that  God  exercifes  a  peculiar  care  over  them. 

2\JI  March,  1761, 


»e*s«»*« 


LETTER    CXIH, 

The  real  DeJHnation  of  Man;  Ufefulnefs  and  Necejfitj 

§f  Adverjity. 

T  HOPE  you  have  no  doubts  remaining,  witk  re- 
-*■  fpedk  to  this  great  queftion :  How  the  evils  of 
this  world  can  be  reconciled  to  the  fupreme  wifdogi 
and  goodnefs  of  the  Creator  ?  The  folution  of  it  is 
incontefUbljr  founded  pn  the  real  deftination  of  man, 

and 
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and  of  other  intelligent  beings,  whole  exiftence  is 
not  limited  to  this  life.  The  moment  that  we  lofe 
fight  of  this  important  truth,  we  find  burfelves  in- 
volved in  the  greateft  perplexity,  and  if  man  were 
created  only  for  this  life,  it  would  affuredly  be  im- 
poffible  to  eftablifh  a  confiftency  between  the  perfec- 
tions of  God  and  the  diftreffes  and  mifejies  with 
which  this  world  is  oppreffed.  Thofe  miferies  would 
be  but  too  real ;  and  it  were  abfolutely  impoffible  to 
explain,  How  the  profperity  of  the  wicked,  and  the 
mifery  of  fo  many  good  people,  could  confift  with 
the  divine  juftice. 

But  no  fooner  do  we  refleft  -  that  this  life  is  but 
the  commencement  of  our  exiftence,  and  that  it  is 
ferving  as  a  preparation  for  one  that  fhall  endure 
eternally,  the  face  of  things  is  entirely  changed,  and 
we  are  obliged  to  form  a  very  different  judgment  of 
the  evils  with  which  this  life  appears  to  be  over- 
spread. I  have  already  remarked,  that  the  profpe- 
rity which  we  enjoy  in  this  w6rld  is  the  reverie  of  a 
fuitable  preparation  for  a  future  life,  and  for  render- 
ing us  worthy  of  the  felicity  which  there  awaits  us. 
However  important  to  ouf  happinefs  the  poffeflion 
of  the  good  things  of  this  world  may  appear,  this 
quality  pertains  to  them  only  in  fo  for  as  they  are 
impreffed  with  the  fignatures  of  divine  goodnefs,  in* 
dependent  of  which  no  earthly  poffeffions  could  con* 
(titute  our  felicity. 

Real  happinefs  is  to  be  found  only  in  God  him- 
fclf ;  all  other  delights  are  but  an  empty  fhade,  and 
$re  capable  of  yielding  only  a  momentary  Satisfac- 
tion, 
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tion.  Accordingly  we  fee  that  thofc  who  enjoy  th.  m 
in  the  greateft  abundance,  are  quickly  fotiated ;  and 
this  apparent  felicity  ferves  only  to  inflame  their  de- 
fires,  and  to  diforder  their  paflions,  by  eftranging 
them  from  the  Supreme  Good,  inftead  of  bringing 
them  nearer  to  Him.  But  true  felicity  confifts  in  a 
perfect  union  with  God,  which  cannot  fubfift  with- 
out  a  love  and  a  confidence  in  his  goodnefs,  tran- 
fcending  all  things :  and  this  love  requires  a  certain 
difpofition  of  foul,  for  which  we  muft  be  making 
preparation  in  this  life. 

This  difpofition  is  virtue,  the  foundation  of  which 
b  contained  in  thefe  two  great  precepts : 

Thou  jhalt  love  the  Lord  thy  God  with  all  thy  hearty 
with  all  thy  foul,  with  all  thy  Jlrengtb>  and  wit  A 
all  thy  mind  ; 
and  the  other,  which  is  like  unto  it : 
■    Thou  Jhalt  love  thy  neighbour  as  thy/elf. 

Every  other  difpofition  of  foul  which  deviates 
from  thefe  two  precepts,  is  vicious,  and  abfolutely 
unworthy  to  partake  of  true  happinefs.  It  is  as  im- 
poflible  for  a  vicious  man  to  enjoy  happinefs  in  the 
life  to  come,  as  for  a  deaf  man  to  rdifh  the  pleafure 
of  an  exquifite  piece  of  mufic.     He  muft  be  for  ever  1 

excluded  from  it,  not  by  an  arbitrary  decree  of  God, 
but  by  the  very  nature  of  the  thing ;  a  vicious  man 
not  being,  from  his  own  nature,  fufceptible  of  fu- 
prcme  felicity. 

If  we  confider  the  order  and  economy  of  the 
world,  in  this  point  of  view,  nothing  can  be  more 
perfe&ly  difpofed  for  the  attainment  of  this  great 

end. 
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end.  All  events,  the  calamities  themfelves  which  we 
undergo,  are  the  moft  fuitable  means  for  conducing 
us  to  true  happiriefs :  and  in  this  refpect,  it  may  be 
with  truth  affirmed,  that  this  is,  indeed,  the  belt 
world  poffible,  as  every  thing  in  it  concurs  to  pro- 
mote our  eternal  falvation.  When  I  refleft,  that  no- 
thing befalls  me  by  chance ;  but  that  every  event  is 
directed  by  Providence,  in  the  view  of  rendering  me 
truly  and  everlaftingly  happy,  how  ought  this  con- 
fideration  to  raife  my  thoughts  to  God,  and  to  re- 
plenifh  my  foul  with  the  pureft  aff'eftion ! 

But,  however  efficacious  thefe  means  may  be  in 
themfelves,  they  exercife  no  force  upon  Our  minds, 
to  which  liberty  is  fo  effential,  that  no  degree  of 
conftraint  can  pofiibly  take  place.  Experience,  ac- 
cordingly, frequently  demonftrates  that  our  attach- 
ment to  the  obje&s  of  fenfe  renders  us  too  vicious 
to  liften  to  thefe  falutary  admonitions.  Abufe  of 
the  means  which  would  have  improved  our  virtue, 

plunges  us  deeper  and  deeper  into  vice,  and  hurries 

■ 

MS  afide  from  the  only  path  that  leads  to  happineis, 
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LETTER  CXIV. 

Of  true  Happinefs.     Converjion  of  Sinners*     Reply  to 

Objections  on  the  Subjeft. 

THE  holy  life  of  the  apofties,  and  of  the  other 
primitive  Chriftians,  appears  to  me  an  irrefif- 
tible  proof  of  the  truth  of  the  Chriftian  Religion.  If 
true  happinefs  confifts  in  union  with  the  Supreme 
Being,  which  it  is  impoifible  for  a  momeht  to  doubt, 
the  enjoyment  of  this  happinefs  neceffarily  requires, 
on  our  part,  a  certain  difpofition,  founded  on  fu- 
preme  love  to  God,  and  the  moll  perfeft  charity  to* 
ward  our  neighbour,  fo  that  all  thofe  who  arc  de£ 
titute  of  this  difpofition,  deftroy  their  own  preten- 
fions  to  celeftial  felicity ;  and  wicked  men  are,  from 
their  very  nature,  neceffarily  excluded  from  it,  it 
being  impoflible  for  God  himfelf  to  render  them 
happy.  For  the  Divine  Omnipotence  extends  only 
to  things  which  are  in  their  nature  pofllble,  and  li- 
berty is  fo  effential  to  fpirits,  that  no  degree  of  con- 
ftraint  can  take  place  with  refpect  to  them. 

It  is  only  by  motives,  therefore,  that  fpirits  can 
be  determined  to  that  which  is  good :  now  what 
motives  could  be  propofed  to  the  apoftles  and  other 
difciples  of  Jefus  Chrift,  to  embrace  a  virtuous  life, 
more  powerful  than  the  inflruftions  of  their  divine 
Matter,  his  miracles,  his  fufferings,  his  death  and  re* 
furrection,  of  which  .they  were  witneffes.  All  thefe 
ftrikinsj  events,  united  to  a  do&rine  the  moll  fu, 

blime, 
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blime,  muft  have  excited,  in  their  hearts,  the  moft 
fervent  love  and  the  moft  profound  veneration  for 
God,  whom  they  could  not  but  confider  and  adore 
as  at  once  their  heavenly  Father,  and  the  abfolute 
Lord  of  the  whole  univerfe.  Thefe  lively  impref- 
fions  muft  neceffarily  have  ftifled  in  their  breafts 
every  vicious  propenfity,  and  have  confirmed  them, 
more  and  more,  in  the  praftice  of  virtue. 

This  falutary  effect  on  the  minds  of  the  apoftles, 
has  nothing  in  it,  of  itfelf,  miraculous,  or  which  en- 
croaches, in  the  fmalleft  degree,  on  their  liberty, 
though  the  events  be  fupernatural.  The  great  re* 
quilite  was,  fimply,  a  heart  docile  and  uncorrupted 
by  vice  and  pafiion.  The  million,  then,  of  Jefus 
Chrift  into  the  world,  produced,  in  the  minds  of  the 
apoftles,  this  difpofition,  fo  neceffary  to  the  attain- 
ment  and  the  enjoyment  of  fupreme  happinefs ;  and 
that  miffion  ftill  fupplies  the  fame  motives  to  purfue 
the  fame  end.  We  have  only  to  read  attentively, 
and  without  prejudice,  the  hiftory  of  itr  and  feri- 
ouily  to  meditate  on  all  the  events. 

I  confine  myfelf  to  the  falutary  effe&s  of  our  Sa- 
viour's miffion,  without  prefuming  to  dive  into  the 
myfteries  of  the  work  of  our  redemption,  which  in- 
finitely tranfeend  the  powers  of  human  underftaftd* 
ing.  I  only  remark,  that  thefe  effe&s,  of  the  truth 
of  which  we  are  convinced  by  experience,  could  not 
be  produced  by  illufion,  or  human  impofture ;  they 
are  too  falutary  not  to  be  divine.  They  are  likewife 
perfe&ly  in  harmony  with  the  iftconteftable  principle* 

which 
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which  wc  have  laid  down,  that  fpirits  can  be  govern- 
ed only  by  motives. 

Theologians  have  maintained,  and  fome  dill  main* , 
tain,  that  converfion  is  the  immediate  operation  of 
God,  without  any  co-operation  on  the  part  of  man. 
They  imagine  that  an  act  of  'the  Divine  will  is  fuf- 
ficient  to  transform,  in  an  inftant,  the  greateft  mif- 
creant  into  a  virtuous  man.  Thefe  good  gentlemen 
may  mean  extremely  well,  and  confider  themfelves 
as  thus  exalting  the  divine  Omnipotence ;  but  this 
fentiment  feeras  to  me  inconfiftent  with  the  juftice 
and  goodnefe  of  God,  even  though  it  were  not  fub- 
verfive  of  human  liberty.  How,  it  will  with  reafon 
be  faid,  if  a  fimple  exertion  of  the  divine  Omnipo- 
tence is  fufficient  for  the  inftantaneous  converfion  of 
every  finner,  can  it  be  pofiible  that  the  decree  fliould 
not  actually  pafs,  rather  than  leave  fo  many  thou- 
fands  to  perilh,  or  employ  the  work  of  redemption, 
by  which  a  part  only  of  mankind  is  faved  ?  I  ac- 
knowledge that  this  objection  appears  to  me  much 
more  formidable  than  all  thofe  which  infidelity  raifes 
agaifift  our  holy  religion,  and  which  are  founded  en- 
tirely in  ignorance  of  the  true  deftination  of  man  ? 
but,  blefled  be  God,  it  can  have  no  place  in  the  fyf- 
tem  which  I  have  taken  the  liberty  to  propofe. 

Some  divines  will  perhaps  accufe  me  of  herefy,  as 
if  1  were  maintaining  that  the  power  of  man  is  fuf- 
ficient for  his  converfion ;  but  this  reproach  affefts 
me  not,  as  I  am  confeious  of  intending  to  place  the 
goodnefs  of  God  in  it's  cleareft  light.     In  the  work 

6  of 


\ 


OF  TRUE  HAPPINESS.  447 

of  converfion,  man  makes  perfeft  ufe  of  his  liberty, 
which  is  unfufceptible  of  conftraint,  but  man  is  al- 
ways determined  by  motives.  Now,  thefe  motives 
are  fuggefted  by  the  circumftances  and  conjunctures 
of  his  condition.  They  depend  entirely  on  divine 
Providence,  which  regulates  all  events,  conformably 
to  the  laws  of  fovereign  wifdom.  It  is  God,  there- 
fore, who  places  men  every  inftant  in  circumftances 
the  moft  favourable,  and  from  which  they  may  de- 
rive motives  the  moft  powerful,  to  produce  their 
converfion ;  fo  that  men  are  always  indebted  to 
God  for  the  means  which  promote  their  falvation. 

I  have  already  remarked,  that  however  wicked  the 
aftions  of  men  may  be,  they  have  no  power  over 
their  cotifequences,  and  that  God,  when  he  created 
the  world,  arranged  the  courfe  of  all  events,  fo  that 
every  man  fliould  be  every  inftant  placed  in  circum- 
ftances to  him  the  moft  falutary.  Happy  the  man 
who  has  wifdom  to  turn  them  to  good  account ! 

This  conviction  muft  operate  in  us  the  happieft 
effects :  unbounded  love  to  God,  with  a  firm  reliance 
on  his  providence,  and  the  pureft  charity  toward  our 
neighbour.  This  idea  of  the  Supreme  Being,  as 
exalted  as  it  is  confolatory,  ought  to  repleniih  our 
hearts  with  virtue  the  moft  fublime,  and  effe&ually 
prepare  us  for  the  enjoyment  of  life  eternal. 

sS/A  March,  176L 
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LETTER  CXV. 

The  true  Foundation  of  human  Knowledge.    Sources  ef 
Truth  i  and  Clajfes  of  Information  derived  from  it. 

HAVING  taken  the  liberty  to  lay  before  you  my 
opinion  refpe&ing  the  moft  important  article 
of  human  knowledge,  I  flatter  myfelf  it  will  be  fuf- 
fident  to  diflipate  the  doubts  which  naturally  arife 
out  of  the  fubjeel,  from  want  of  exa&- ideas  of  the 
liberty  of  ipirits. 

I  fhall  now  have  the  honour  of  fubmitting  to  your 
confideration  the  true  foundation  of  all  our  know- 
ledge, and  the  means  we  have  of  being  affured  of  the 
truth  and  certainty  of  what  we  know.  We  are  very 
far  from  being  always  certain  of  the  truth  of  all  our 
fentiments ;  for  we  are  but  too  frequently  dazzled 
by  appearances,  fometimes  exceedingly  flight,  and 
whofe  falsehood  we  afterwards  difcover.  As  we  are, 
therefore,  continually  in  danger  of  deceiving  our- 
felves,  a  reafonable  man  is  bound  to  ufe  every  effort 
to  avoid  error,  though  he  may  not  always  be  fo 
happy  as  to  fucceed. 

The  thing  to  be  here  chiefly  confidered  is  the  fo- 
lidity  of  the  proofs  on  which  wo  found  our  perfua- 
fion  of  any  truth  whatever,  and  it  is  abfolutely  ne- 
ceffary  that  we  fliould  be  in  a  condition  to  judge  if 
they  are  fufEcient  to  convince  us  or  not.  .For  this 
effeft  I  remark,  firft,  that  all  truths  within  our  reach 
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are  referable  to  three  claffes,  effentially  diftinguifhed 
frotn  each  other. 

The  firft  contains  the  tmths  of  the  fenfes ;  the  fe- 
cond,  thofe  of  the  understanding ;  and  the  third, 
thofe  of  belief.  Each  of  thefe  claffes  requires  pecu* 
liar  proofs  of  the  truths  included  in  it,  and  in  thefe 
thrde  'c&flfes  all  human  knowledge  is  comprehended. 

Proofs  of  tfre  firft  clafs  are  reducible  to  the  fenfes, 
atid  arethfo  expreflecl : 

This  is  true,  for  If  aw  if,  or  am  convinced  of  it  by  the 
evidence  bffnyfenfeL 

It  is  thus 1  kiitfW  that  the  magnet  attracts  iron, 

becaufe  I  fee  it,  and  experience  furnifhes  me  with 

iriconteftabte  proofs  6f  thfc  faft.    Truths  of  this  clafs 

•  are  called  fenfible,  becaufe  they  are  founded  on  the 

fenfes,  or  on  expeiieiiek 

Proofs  6f  the  fbcohd  claft  are  founded  in  ratioci- 
nation* ;  thus : 

This  is  true,  for  I  am  able  to  demon/irate  it  on  prin- 
ciples ofjuft  reafoning,  or  byfairfyllogifms. 

To  this  <lafs,  principally,  logic  is  to  be  referred, 
which  prefcribes  rules  for  reafoning  confequentially. 
It  is  thus,  We  know,  that  the  three  angles  of  a  recti- 
lineal triangle  are  together  equal  to  two  right  angles. 
In  this  cafe  I  do  not  fay  I  fee  it,, or  that  my  fenfes 
convince  me  of  it ;  but  I  am  affured  of  it's  truth  by 
a  procefs  of  reafoning.  Truths  of  this  clafs  are  called 
intellectual,  and  here  we  mult  rank  all  the  truths  of 
geometry,  and  of  the  other .  fciences,  in  as  much  as 
they  are  fupported  by  demonftration.  \  You  muft  be 
fenfible,  that  fuch  truths  are  wholly  different  from 

Vol.  I.  F  f  thofe 


450  TRUE  FOUNDATION  OP 

thofc  of  the  firft  clafs,  in  fupport  of  which  we  adduce 
no  other  proofs  but  the  fenfes,  or  experience,  which 
allure  us  that  the  fact  is  fo,  though  we  may  not 
know  the  caufe  of  it.  In  the  example  of  the  magnet, 
we  do  not  know  how  the  attraction  of  iron  is  a  ne- 
ceceffary  effect  of  the  nature  of  the  magnet,  iand  of 
iron  ;  but  we  are  not  the  lefs  convinced  of  the  truth 
of  the  fad.  Truths  of  the  firft  clafs  are  as  certain  as 
thofe  of  the  fecond,  though  the  proofs  which  we 
have  of  them  arc  entirely  different. 

I  proceed  to  the  third  clafs  of  truths,  that  of  faith, 
which  wc  believe,  becaufe  perfons  worthy  of  credit 
relate  them ;  or  when  we  fay : 

This  is  true  >  for  fever al  creditable  perfons  have  affured 
us  of  it. 

This  clafs,  accordingly ,  includes;  all  hijlorical  truths. 
You  believe,  no  doubt,  that  there  was  formerly  a 
ling  of  Macedon,  called  Alexander  the  Great,  who 
made  himfclf  mafter  of  the  kingdom  of  Pcrfia, 
though  you  never  faw  him,  and  are  unable  to  de- 
monftrate,  geometrically,  that  fuch  a  perfon  ever 
cxiftcd.  Eut  we  believe  it  on  the  authority  of  the 
authors,  who  have  written  his  hiftory,  and  we  en- 
tertain no  doubt  of  their  fidelity.  But  may  it  not 
be  poflible  that  thefe  authors  have  concerted  to  de- 
ceive us  ?  We  have  every  reafon  to  rejeft  fuch  an 
infinuation,  and  we  are  as  much  convinced  of  the 
truth  of  thefe  fafts,  at  leaft  of  a  great  part  of  them, 
as  of  truths  of  the  firft  and  fecond  dalles. 

The  proofs  of  thefe  three  claffes  of  truths  are  ex- 
tremely different ;  but  if  they  are  folid,  each  in  it's 
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kind,  they  muft  equally  produce  convi&ion.  You 
cannot  poflibly  doubt  that  Ruffians  and  Auftrians 
have  been  at  Berlin,  though  you  did  not  fee  them : 
this,  then,  is  to  you  a  truth  of  the  third  clafs,  as  you  , 
believe  it  on  the  report  of  others ;  but  to  me  it  is 
one  of  the  firft  clafs,  becaufe  I  faw  them,  and  con- 
verted with  them,  and  as  many  others  were  allured 
of  their  prefence  by  means  of  other  fenfes.  You 
have,  neverthelefs,  as  complete  conviftion  of  the  fa& 
as  we  have. 

31/I  March 9  1 76 1. 
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